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he proper management of a patient Since 1941, pulmonary resection for meta- 
with previously treated malignant disease in static malignant tumors has been performed 
whom discrete localized lesions appear in the on 165 patients at the Mayo Clinic. Seventy- 
lungs in the absence of other evidence of re- three of these procedures were carried out 
currence is a relatively common problem. more than 5 years ago. All of them were 
Surgical excision or resection of these ap- definitive operations for the treatment and 
parently isolated zones of malignant spread attempted cure of metastatic tumors of the 
has been carried out with increasing fre- lung. Biopsy of the lung or deliberately in- 
quency in recent years. Gliedman and as- complete resections are not included in this 
sociates,® in an excellent review, collected re- total. A number of cases from the earlier 
ports of 289 cases from the literature in 1957, years of this study have been reported pre- 
including 29 of their own. Ehrenhaft and viously in papers from the clinic.* *® *° 
co-workers? reported 28 cases the following This communication represents a further ex- 
year; additional reports*** *% since tension of those reports. 


then have raised the total to more than 
400 documented cases. Most authors have 


CLINICAL DATA 


stressed the low mortality rate of the opera- A total of 169 resections for metastatic 
tion and the rather surprising long-term sur- tumors in the lungs were performed on the 
vivals that occasionally have occurred. It has 165 patients. The operations were carried 
been difficult to obtain survival statistics on out from 1941 through 1959. Eighty-six of 
any large number of cases, however, because the patients were females and 79 were males; 
of the somewhat short follow-up periods con- the absence of any preponderance of the 
sequent to this relatively new procedure. male sex similar to that seen with primary 
Most series have been reported in terms of pulmonary tumors has been noted before.® 7° 
“over-all survivors” and “interval survivals.” The patients varied in age from 4 to 75 


years, with an average age of 50 years. The 
median age was predictably somewhat 
Received for publication Nov. 18, 196U. 
higher, however. More than half (54 per 
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Table I. Primary source of metastatic 
pulmonary tumors: 134 carcinomas 


Primary site of tumor cases | G%o* 


Rectosigmoid 36 21.3 
Breast 21 12.5 
Colon 16 9.7 
Kidney 12 7.3 
Cervix 11 6.7 
Melanoma 

Testes 

Cylindroma 

Squamous-cell epithelioma (skin) 
Uterus 

Ovary 

Thyroid 

Bladder 

Jejunum 

Jaw 

Vagina 


Totals 134 81.0 


*Based on the total of 165 cases. 
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Table II. Primary source of metastatic 
pulmonary tumors: 31 sarcomas 


Type of sarcoma | No. of cases 


Fibrosarcoma 
Chondrosarcoma 
Osteogenic sarcoma 
Synovial-cell sarcoma 
Liposarcoma 

Ewing’s tumor 
Undifferentiated sarcoma 
Alveolar-cell sarcoma 
Leiomyosarcoma 
Rhabdomyosarcoma 
Mesenchymoma 
Hemangiopericytoma 


NR 


Total 31 
(19% of 


all cases) 


cent) of the patients were in the sixth or 
seventh decade of life. Patients who had 
metastatic sarcomatous lesions were younger 
than the series as a whole, averaging 37 years 
at the time of pulmonary operation. 

The source of the 134 primary carcinomas 
in this series is shown in Table I. The com- 
monest sites of origin of the carcinomas were 
rectum, breast, and colon; 39 per cent of 
the carcinomatous lesions arose in the lower 
part of the intestine. This is distinctly higher 
than the rate in the literature as a whole.” ° 
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The kidneys, cervix, and testes were also 
frequent sources of such metastasis. One- 
fifth of the lesions were sarcomatous in 
nature (Table II). 

Thirty-seven of the patients (22 per cent 
of the entire group) had multiple metastatic 
tumors in the lungs. In 18 of these, roent- 
genologic evidence of multicentricity was 
present prior to thoracotomy. Multiple meta- 
static lesions commonly were removed as 
part of a single inclusive resection, but mul- 
tiple resections were necessary in 9 instances. 
On 4 occasions, second operations were per- 
formed for resection of additional or sub- 
sequent lesions. 


RECOGNITION AND DIAGNOSIS 


Symptoms and clinical signs related to the 
thorax and lungs did not provide the pri- 
mary incentive to diagnosis in this series 
because the majority of the patients were 
being seen and examined at regular inter- 
vals subsequent to previous operations for 
the primary malignant tumors. 

A total of 88 patients, slightly more than 
half of the entire series, did not experience 
any symptoms related to the intrathoracic 
lesions. The recorded signs and symptoms in 
the remainder are shown in Table III. The 
commonest warning complaint was a chronic 
cough. This generally was mild and was at- 
tributed by the patient to smoking, a cold, 
or the weather. Thoracic pain was a distinct 
entity, most commonly encountered in pa- 
tients who otherwise were free of symptoms. 
Little if any relationship apparently existed 
between the nature and duration of the 
symptoms and the extent and prognosis of 
the metastatic pulmonary lesion. 

Cytologic studies of sputum or bronchial 
washings were performed in 65 cases in this 
series. Malignant cells were found in only 
23 of these. Cytologic and bronchoscopic re- 
sults are seen in Table IV. Results of this 
sort might well be expected in view of the 
generally peripheral nature of the lesion. 
Bronchoscopic examination and_ cytologic 
studies on sputum have been employed with 
decreasing frequency in recent years. 

The lesions were visible roentgenographi- 
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cally in all of these cases. Roentgenologic 
studies of the thorax generally provided the 
original diagnosis. The lesion typically gave 
a nodular or mass shadow of a localized na- 
ture. Tomographic studies for the presence 
or absence of calcium were not performed 
routinely. As mentioned previously, the le- 
sions in 18 cases were recognized roent- 
genologically as multiple. This was half of 
the total number reported to be multicentric 
by the pathologist. 


SURGICAL TREATMENT 


A total of 169 operations were performed 
in the 165 patients (Table V). The 4 “sec- 
ondary resections,” which included a local 
excision, a segmental resection, and 2 lobec- 
tomies, were performed 1, 2, 3, and 4 years, 
respectively, after the initial metastatic re- 
section. The indications were the same as 
those preceding the first resection. 

Nearly two-thirds of the patients under- 
went some sort of lobectomy, and four-fifths 
required less than pneumonectomy. Only 4 


patients required resection of the thoracic: 


wall or diaphragm as part of the definitive 
operation. 

All of the operations for metastatic tumors 
were considered to be definitive in that com- 
plete removal of all discernible malignant 
tissue was attempted. As noted previously, 
incomplete resections and simple biopsies 
were not included. 


RESULTS 


Follow-up data were obtained as of De- 
cember, 1959, on all but 4 of the 165 pa- 
tients. Two of the 4 were known to have 
survived for 8 years after pulmonary opera- 
tion, but they were lost to long-term follow- 
up. The third and fourth patients were last 
seen 6 and 4 years, respectively, after pul- 
monary operation. A total of 62 (38 per 
cent) of the patients were living at the time 
of this report. Forty per cent of those with 
metastatic carcinoma were survivors as com- 
pared to 29 per cent of those with sarcoma. 
The intervals of time from the pulmonary 
operation to the last follow-up or to death 
‘anged from less than 1 month to more than 
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15 years. No relationship was apparent be- 
tween this time and the source of the pri- 
mary tumor. Isolated long-term survivals of 
7 years or more occurred with each of the 
types of carcinoma, and the 3- and 5-year 
survival rates were comparable. However, 
such gross figures have little meaning by 
themselves. Data of more pertinence are re- 
vealed by separation of the patients into 
telescoping groups based on absolute survival 


(Table VI). 


Seventy-three of the patients in this series 
were operated on for metastatic tumors prior 
to 1955; 22 (30 per cent) of these were 
alive 5 years or more after resection. The 


Table III. Signs and symptoms in metastatic 
pulmonary tumors* 


Complaint | No. of cases | %t 
Persistent cough 61 37 
Sputum production 34 21 
Hemoptysis 29 18 
Thoracic pain 23 13 
Dyspnea 10 6 
Wheeze 8 5 


*In 77 patients. A number of patients had more than 1 
symptom or sign. 


+Per cent of the total of 165 patients. 


Table IV. Cytologic and bronchoscopic 


studies in metastatic pulmonary tumors: 
165 cases 


Results 

No. % 
of | Posi- |Nega-| posi- 

Procedure cases | tive | tive | tive 
Cytology (sputum) 52 19 33 37 
Cytology (washings) 13 4 9 31 
Bronchoscopy 48 22 26 46 
Bronchoscopic biopsy 5 2 3 40 


Table V. Surgical procedures in metastatic 
pulmonary tumors: 169 operations on 
165 patients 


Type of operation | No. | % 
Lobectomy 92 54 
Multiple lobectomy 12 i} 63 
Lobectomy extended* 4 2 
Pneumonectomy 35 21 
Segmental resection 15 9 
Local excision 11 7 


*Plus thoracic wall or diaphragm. 
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Table VI. Survival rate in metastatic 
pulmonary tumors 


Lived beyond 
Period Patients indicated period 
(yr.) Total | Traced No. | %* 
1 131 131 93 710 

2 113 113 55 48.7 

3 99 99 35 35.4 

5 73 71 22 31.0 

7 51 5a 12 23.5 


*Based on traced patients. Inquiry as of Jan. 1, 1960. 
Included in the 1-year group are only patients operated 
on in 1958 or earlier; the 2-year group includes patients 
operated on in 1957 or earlier, and so forth. 


survival rates decreased rather sharply dur- 
ing the first 3 years after operation and then 
leveled off. Thus, the patient who survives 
for the first 3 years has reasonably good 
prospects for the future, which is a situation 
analogous to that in primary carcinoma of 
the lung. 

Survival rates in the groups with meta- 
static sarcomatous and carcinomatous dis- 
ease are shown separately in Table VII. 
Gross survival statistics for the group with 
sarcomatous disease parallel those for the 
group with carcinoma but at a lower level. 
However, some of the long-term subgroups 
are rather small. 

The over-all 5-year survival rate in pa- 
tients who had undergone lobectomy for 
metastatic disease was 33 per cent. Patients 
requiring pneumonectomy had a 28 per cent 
5-year survival rate, whereas 50 per cent of 
those who had undergone lesser procedures 
were alive after 5 years. This was related to 
the potentialities of the metastatic lesion and 
not to the surgical procedure as such. 


The prognostic significance of the interval - 


of time between the primary and the second- 
ary operation has been considered by a num- 
ber of authors* * °° to be of less significance 
than the nature of the lesion itself. It has 
been thought, however, that patients in 
whom the pulmonary lesion was discovered 
within 1 year of the primary operation had 
a poorer prognosis.‘ Table VIII shows the 
effect of this duration on the 3-year absolute 
survival rate. 

The size of the area of pulmonary involve- 
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ment bore no discernible relationship to the 
prognosis in the individual case. This was 
true for any critical size as measured by the 
mean diameter. Extension to extrapulmo- 
nary structures, as pointed out previously, 
was significant in decreasing the survival! 
rate. 

Multicentricity of metastatic nodules, even 
when easily resectable, led to decreased sur- 
vival rates; 79 per cent of patients with sin- 
gle nodules were alive 1 year after operation, 
whereas only 56 per cent of those who had 
multiple nodules of metastatic tumor sur- 
vived for 1 year. Multiplicity in this sense 
was based on study of the pathologic mate- 
rial rather than on the clinical or roent- 
genologic appearance. The 3-year survival 
rates for patients with single or multicentric 
nodules were 50 and 19 per cent, respec- 
tively. 

Only 2 of the patients in this series died 
during the immediate postoperative period. . 
One of these had acute myocardial infarc- 
tion on the seventh postoperative day. The 
second died 1 month after having under- 
gone the pulmonary operation and _ before 
his primary jejunal carcinoma had been re- 
moved. The over-all hospital mortality rate 
associated with secondary pulmonary resec- 
tion was 1.2 per cent in these 169 operations. 


Table VII. Survival rates in metastatic 
pulmonary tumors by type of lesion 


Lived beyond 
Period Patients indicated period 
(yr.) Total | Traced No. | %* 
Carcinoma 
1 103 103 Fee 72.8 
2 86 86 44 51.2 
3 78 77 28 36.4 
5 56 55 19 34.5 
7 39 39 10 25.6 
Sarcoma 
1 28 28 18 64.3 
2 27 27 11 40.7 
3 21 21 7 33.3 
5 17 16 3 18.8 
7 12 12 2 16.7 


*Based on traced patients. Inquiry as of Jan. 1, 1960. 
The l-year group includes only patients operated on in 
1958 or earlier; the 2-year group includes patients oper- 
ated on in 1957 or earlier, and so forth. 
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Table VIII. Three-year survival rates by 
interval between primary and secondary 
operations in metastatic pulmonary tumors 


Dita Lived 3 or more 
years after pul- 
Patients monary operation 
secondary, 
yr.) Total| Traced| No. | %* 
<1 22 22 3 13.6 
1-4 59 59 24 ° 40.7 
5+ 18 18 8 44.4 
Totals 99 99 35 35.4 


*Based on traced patients. Inquiry as of Jan. 1, 1960. 
Included here are only patients operated on in 1956 or 
earlier. 


COMMENT 


The lungs have long been known to be a 
fertile field for the deposit and growth of 
metastatic tumors.'® The incidence of pul- 
monary .metastasis among all fatal malig- 
nant tumors was reported by Willis** to be 
30 per cent. This rate was second only to 
that of metastasis to the liver. The mode of 
spread of metastatic tumors to the lungs is 
chiefly via the pulmonary and _ bronchial 
vessels. Other available routes are the tho- 
racic duct and the hepatic veins. In ap- 
proximately 15 per cent of such fatal cases, 
according to Farrell,‘ the lungs alone are 
involved by such metastatic spread. These 
secondary tumors may have their origin in 
any of the organ systems of the body." 

Only a small percentage of carcinomatous 
emboli survive on reaching the lung,’® pos- 
sibly as a result of the formation and or- 
ganization of hyaline thrombi about such 
embolic sites, as postulated by Saphir.’® 
Emboli which do survive tend to remain in a 
subepithelial location. King and Castle- 
man" reported that the lesions in only 20 of 
109 cases had infiltrated the bronchial wall 
or mucosa. Thus, symptoms of bronchial in- 
volvement are late and infrequent, and cyto- 
logic techniques are of less value in such 
cases than they are in primary bronchogenic 
carcinoma.®* 


Isolated reports’ ** have been made of 
the spontaneous regression of pulmonary 
metastatic tumors, but the prognosis when 
pulmonary metastasis is untreated or not 
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palliated by physicochemical means is uni- 
formly poor.*:’* Treatment of such lesions 
by resection was performed as early as 1898,° 
but the operation remained a surgical rarity 
until recent years. Occasional instances of 
long-term survival after such procedures 
have been reported in detail, but the value 
of this treatment and its effect on prognosis 
in larger groups have remained uncertain. 

The results of this study indicate that in 
properly selected cases the outlook is hope- 
ful and certainly equal to that in many well- 
established operations for primary carcinoma 
or sarcoma. 

Criteria for the selection of cases in which 
pulmonary resection is merited have been 
broadened in recent years. Multicentricity 
alone cannot be equated with inoperability. 
More than 10 per cent of the lesions in this 
series were known to be multiple prior to 
thoracotomy, and an equal additional num- 
ber were found to be so by the pathologist 
after resection. The survival rate in patients 
with multiple lesions was less than in those 
with solitary lesions, but resection clearly is 
justified for multiple lesions. It is obvious 
that widespread dissemination of pulmonary 
metastatic tumors is not included in this 
statement. The duration of time since the 
discovery and treatment of the primary tu- 
mor is not a determining factor in judging 
operability. While careful observation for a 
period of weeks to months still may be ad- 
vised when metastasis accompanies a pri- 
mary growth, survivals may be expected 
after any interval of time in the absence 
of metastasis elsewhere. Conversely, a pro- 
longed period between the primary opera- 
tion and the appearance of pulmonary me- 
tastasis does not guarantee success. The 
nature and origin of the primary lesion are 
of little prognostic import in the individual 
case. All types of lesions have been associated 
with long-term survival. The presence or 
absence of clinical signs of pulmonary in- 
volvement and the results of cytologic or 
bronchoscopic studies are indeterminate fac- 
tors in evaluation of a case. 

In essence, there. are 3 factors of impor- 
tance to be considered in the surgical man- 
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agement of such patients: (1) the over-all 
condition of the patient and his ability to 
tolerate surgical intervention, (2) adequate 
definitive treatment of the primary lesion, 
and (3) the absence of local recurrent le- 
sions or metastasis beyond the scope of the 
projected resection. 

Secondary pulmonary growths tend to lie 
in a peripheral location, and the smallest 
resection compatible with the adequate sur- 
gical treatment of malignant tumors is indi- 
cated. Only 21 per cent of the 165 patients 
underwent pneumonectomy. The _ possibility 
of further contralateral resection at a future 
date emphasizes the importance of a limited 
operation. It has been suggested® that more 
extensive resection might give a better prog- 
nosis. In this series, patients who under- 
went the less extensive operations fared bet- 
ter after operation. 

The inherent risk of resection of this 
nature is small. The hospital mortality rate 
in this study was 1.2 per cent, which must 
be balanced against the discouraging prog- 
nosis when the condition is untreated. It is 
undoubtedly true® 1° that survival is re- 
lated directly to the basic growth potential 
of the tumor. However, with no reliable 
method of estimating or grading this, resec- 
tion in all suitable cases is justified. 


SUMMARY AND CONCLUSIONS 


A total of 169 operations were carried out 
at the Mayo Clinic on 165 patients for re- 
moval of localized pulmonary metastatic tu- 
mors in a 19-year period. The absolute 
l-year survival rate was 71 per cent, and 
31 per cent of 71 traced patients eligible 
for 5-year studies were alive 5 years or more 
after resection. Patients surviving for 3 
years after such operations have a greatly 
improved prognosis thereafter. 

These figures held true for the metastatic 
tumors arising from a wide variety of pri- 
mary carcinomas. Sarcomatous metastasis 
had a somewhat lower percentage of survi- 
vals. Multiple pulmonary metastatic tumors 
similarly carried a poorer prognosis. The 
duration of time since the treatment of the 
primary tumor and the presence or absence 
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of clinical stigmas of pulmonary involve- 
ment did not have an appreciable effect on 
survival. 

Thoracotomy and resection of pulmonary 
metastatic malignant tumors constitute a 
highly worthwhile and rewarding course in 
properly selected patients. 
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Primary tumors of the 


small intestine 


ecause primary malignant tumors of 
the small intestine are relatively infrequent, 
knowledge of their pathologic characteris- 
tics, of thé signs and symptoms, that they 
produce, and of their prognosis is neces- 
sarily limited. In spite of better diagnostic 
methods. and the increased number of post- 
mortem examinations which have been per- 
formed over the past 30 years, these lesions 
remain somewhat a curiosity. Although 
many individual case reports or studies of 
a specific tumor or tumor site have been 
published, comprehensive reviews have usu- 
ally been derived, either partially or com- 
pletely, from autopsy material. The relative 
paucity of information led us to study the 
literature concerning these lesions and _ re- 
view the pertinent case records from the 
University of California Medical Center and 
the Wadsworth General Veterans Admin- 
istration Center Hospital, Los Angeles, for 
the period 1940 to 1959. 


REVIEW OF THE LITERATURE 


The first report of a primary carcinoma 
of the jejunum was made by Sorlin?’ in 
1824. Morgagni”® reported lesions that de- 
scriptively seemed similar to carcinomas of 
the small intestine, but he failed to recog- 
nize their significance. However, in 1876, 
Leichtenstern’® reported and completely de- 
scribed the first autopsy series of these ma- 
lignant lesions. Since that time, reports of 
the incidence of these tumors have varied 
from 0.095 per cent of all malignant lesions 
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of the gastrointestinal tract’® to 2.3. per 
cent, as stated by Likely’* in 1948. Maydl’® 
reported an autopsy series in 1883 which 
had an incidence of 0.927 per cent. In 1903, 
Northnagel*! found an incidence of 0.051 
per cent, and in 1930, Rankin*® reported an 
incidence of 0.62 per cent from the autopsy 
records of the Mayo Clinic. In reviewing 
the literature on the incidence of these tu- 
mors, we noted that for every case of malig- 
nancy of the small intestine, there were ap- 
proximately 40 to 60 cases of malignant 
neoplastic disease of the colon. 

In most series, approximately one-third 
to one-half of patients with primary malig- 
nancy of the small intestine died of inter- 
current disease rather than the direct effects 
of the malignancy. For this reason, the ma- 
jority of tumors described in the literature 
were found as autopsy specimens rather 
than primary symptomatic tumors. In the 
remaining 50 to 65 per cent of the patients, 
sufficient difficulties developed due to the 
primary tumor that an exploratory laparot- 
omy was warranted to establish the etiology 
of symptoms. It is for this group of patients 
that a better understanding of the clinical 
manifestations, therapy, and prognosis is 
necessary. 

In reviewing the reported series of pri- 
mary malignant lesions of the small intes- 
tine from 1920 to 1960%-% 5-® 11, 18-15, 18, 28, 
24,28 we found 650 cases. In individual 
series, depending upon the status of the pa- 
tients and the number of cases reported, 
there was a marked variability in the rela- 
tive frequency of sarcomas, carcinomas, and 
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carcinoid tumors, as well as in the frequency 
of appearance of these lesions in various 
areas of the small intestine. Since many of 
the series included only a small number of 
patients, no statistical significance can be 
attached to the numerical values quoted in 
these studies. 

Table I shows the relative incidence of 
primary malignant neoplasms of the small 
intestine taken from the literature. There 
were 136 primary tumors of the duodenum, 
184 of the jejunum, and 308 of the ileum. 
In another 22 cases, a malignant neoplasm 
was found to be present in at least one 
other site in the small intestine. In these 
instances, it was not possible to decide 
whether 2 primary growths had arisen or 
whether 1 area was occupied by a metastasis 
from a single primary lesion. In at least 2 
cases? a Peutz-Jegher’® syndrome was 
noted. The greatest number of individual 
malignancies was found in the ileum, but 
the incidence of primary carcinomas in the 
duodenum, jejunum, and ileum was prac- 
tically identical. 

Two hundred eight sarcomas, 321 car- 
cinomas, and 121 carcinoids are included. 
Both the carcinoid tumors and the sarcomas 
were found to originate most frequently in 
the ileum. A progressively greater incidence 
of these tumors was found distally through 
the small intestine. The distribution of car- 
cinomas, however, did not follow this pat- 
tern, and an almost equal incidence was 
noted in each of the 3 sectors. Considering 
all malignancies of the small intestine, how- 
ever, there is a progressively greater inci- 
dence distalward in the bowel. 


CASE MATERIAL 


Forty-one cases of malignancies of the 
small intestine were found in the records 
of the University of California at Los An- 
veles Medical Center and the Wadsworth 
Veterans Hospital during the years 1940 to 
1959 (Table II). Five cases of sarcoma, 18 
of carcinoma, and 18 of carcinoid tumor 
compose the series. Ten primary malig- 
nancies of the duodenum, 12 of the jejunum, 
and 18 of the ileum were found, as well as 
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what appeared to be 2 primary lesions in 1 
patient. The relatively small number of 
cases in this report precludes any statis- 
tical comparison with the larger number of 
cases from the literature in Table I, al- 
though the tendency for greater distalward 
involvement can be seen. 

In 27 patients, the lesions produced suf- 
ficiently severe symptoms to require sur- 
gical intervention. In 14 cases, the lesion 
was an incidental finding at autopsy or at 
operation for other causes. Twelve of the 
lesions found in the latter instance were 
small carcinoid tumors. The series includes 
38 men and 3 women. This imbalance is 
due to the fact that the majority of cases 
were taken from the records of the Veterans 
Administration hospital. Thirty-four Cau- 
casians, 6 Negroes, and 1 Oriental are in- 
cluded. The average age of the patients in 
the carcinoma series was 56.4 years at the 
time of the initial diagnosis of malignancy; 


Table I. Review of the literature, 1920 to 
1960, on malignant tumors of the small 
intestine 


Location | No. 


T otal cases 


Duodenum 136 
Jejunum 184 
Tleum 308 
Multiple 22 
Total 650 
Sarcomas 
Duodenum 12 
Jejunum 61 
Tleum 118 
Multiple 17 
Total 208 
Carcinomas 
Duodenum 113 
Jejunum 108 
Tleum 98 
Multiple 
Total 321 
Carcinoid tumors 
Duodenum 11 
Jejunum 15 
Tleum 92 
Multiple 3 
Total 121 
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Table II. Malignant tumors of the small 
intestine at University of California Medical 
Center and Wadsworth General Hospital, 
Veterans Administration Center, 

Los Angeles, 1940 to 1960 


Du- Jeju- Mul- 
Tumor odenum| num | Ileum | tiple 
Sarcoma 1 2 z 0 
Carcinoma 5 9 4 0 
Carcinoid 
tumors +f 1 12 1 
Totals 10 12 18 1 


the oldest patient was 70 years old and the 
youngest 32. years old. In the series of car- 
cinoid tumors, the average age of the pa- 
tients was 51.5 years; the oldest patient was 
89 years old and the youngest 50 years old. 
In the sarcoma series, the average age was 
44.2 years, with the oldest patient 81 years 
old and the youngest 22 years old. 
Pathology. The most common type of 
tumor found in the small intestine is the car- 
cinoma, of which the adenocarcinoma is by 
far the most frequent. Various degrees of 
differentiation are found in pathologic sec- 
tions of these lesions, but generally, well- 
differentiated glandular patterns are pres- 
ent. In carcinoma of the duodenum, as 
pointed out by Resnick and Cooper,*® ap- 
proximately 40 per cent of the lesions arise 
in the suprapapillary area, 40 per cent be- 
low the papillary area, and only 20 per cent 
are located in the peripapillary region. Car- 
cinomas of the jejunum and ileum, usually 
present as annular constricting tumors with 
an ulcerating mucosal surface involving a 
short segment of the intestine, are very sim- 
ilar in appearance to carcinomas of the sig- 
moid area. Lymph node metastases are fre- 
quently found at the time of operation for 
the primary malignancy. In some cases, ma- 
lignant degeneration of adenomatous polyps 
of the small intestine can occur as reported 
by Fraser,* and in those instances, as the 
polyp becomes larger, intussusception may 
cause acute intestinal obstruction. In our 
series, all tumors were pathologically shown 
to be adenocarcinomas with varying degrees 
of differentiation. No instance of the ma- 
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lignant degeneration of the polyp associ- 


ated with Peutz-Jegher syndrome was 
found. 

Lymphoid tumors are the most frequent 
type of sarcoma found in the small intes- 
tine. Lymphosarcomas, Hodgkin’s disease. 
leiomyosarcomas, fibrosarcomas, and reticu- 
lum-cell. sarcomas have all been found as 
primary lesions in this location. Lymphoid 
sarcomas may arise from follicles located 
within the wall of the bowel, while other 
sarcomas arise from other mesenchymal tis- 
sues in the same area. These lesions tend to 
grow outward from the serosa and mus- 
cularis. Therefore, stenosis of the lumen is 
a rare and late complication. The first sign 
produced by these lesions is displacement 
of the bowel on roentgenographic examina- 
tion. Since encroachment on the lumen of 
the intestine occurs only late in the disease, 
sarcomas more often form palpable masses 
than do the small intestinal malignancies. 
Fraser® has estimated that approximately 
65 per cent of sarcomas and only 29 per 
cent of carcinomas eventually become pal- 
pable. 

In our series, an abdominal mass eventu- 
ually became palpable in 17, or 62.9 per 
cent, of 27 patients with symptomatic tu- 
mors. In 4 cases, this was the first definitive 
sign that a surgical lesion was present. On 
pathologic examination of the sarcomas pre- 
sented in this series, 3 were identified as 
lymphosarcomas, | as Hodgkin’s disease, and 
1 as a leiomyosarcoma. 

Carcinoid tumors of the bowel arise from 
the Kultschitzky or argentaffin cells deep 
within the mucosal glands of the bowel. 
They are usually found in the small in- 
testine as small, firm, yellowish, circum- 
scribed nodules in the submucosal area. The 
larger tumors invade locally and may 
metastasize to regional lymph nodes, and 
occasionally to the liver. Carcinoid tumors 
of the gastrointestinal tract have been re- 
ported’® to be associated with a syndrome 
caused by the secretion of serotonin. This 
clinical and pathologic picture was_ not 
found in any case of this series. All patients 
included in the series showed evidence of in- 
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vasion of the bowel wall and this pathologic 
confirmation was taken as the criterion of 
malignancy. In 12 of the cases included, the 
carcinoid tumors were incidental findings at 
operation and in 6 patients were sympto- 
matic lesions. Metastases to regional lymph 
nodes were present in 4 patients at the time 
of exploration. This percentage agrees 
closely with that reported by Dockerty* in 
which 75 per cent of all symptomatic small 
intestinal carcinoid tumors were found to 
have metastasized at the time of operation. 

Clinical signs and symptoms. Malignant 
tumors of the small intestine initially mani- 
fest themselves insidiously and may mimic 
less serious gastrointestinal disorders for 
long periods of time. An index of suspicion 
should always be present when puzzling gas- 
trointestinal symptoms such as unexplained 
bleeding’ or partial intestinal obstruction 
occur. 

In our series, the symptoms appear to be 
divided into 3 complexes, (1) symptoms of 


diarrhea with large amounts of mucus 


present, and tenesmus; (2) obstructive 
symptoms producing nausea, vomiting, and 
cramping abdominal pain; (3) a syndrome 
produced by chronic blood loss into the 
gastrointestinal tract producing weakness, 
anemia, asthenia, and, on some relatively 
infrequent occasions, melena. In no instance 
in this series was there a perforation of the 
small intestine as was frequently noted in 
the report of Pridgen.** 

The first symptom complex involves a 
change of bowel habit evidenced by a more 
frequent and diarrheal stool with a consid- 
erable quantity of mucus. This symptom 
complex was noted in 5 patients. In 1 case 
diarrhea was at times severe enough to 
cause as many as 10 to 12 loose, watery 
stools a day. These symptoms led to erro- 
neous diagnoses of inflammatory processes, 
such as ulcerative colitis or regional enteritis, 
in 4 patients prior to the discovery of the 
malignancy. At times, bright blood was 
mixed with the choleric stool. In some in- 
stances, conservative therapy had intermit- 
tently caused symptomatic relief of diffi- 
culties, but exacerbations always followed 


symptoms of partial obstruction and con- 
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the temporary remissions. Location rather 
than the type of tumor is apparently re- 
sponsible for these difficulties, since 4 of the 
5 patients were found to have malignant le- 
sions of the distal jejunum and ileum. 

The second symptom complex is one of 
partial intestinal obstruction gradually pro- 
gressing to complete obstruction. In general, 
patients were prone to minimize the early 


sider them as evidence of enteritis or other 
similar difficulty. A history of vague, long- 
standing, intermittent abdominal discomfort 
and fullness was elicited from some pa- 
tients. Because of the abdominal stress 
which followed every meal, the patient de- 
veloped a reluctance to eat and a marked 
weight loss occurred. There was frequently 
a history of several radiologic and labora- 
tory examinations of the gastrointestinal 
tract which resulted in negative reports. In 
some instances, small defects in the intes- 
tine were diagnosed as deformities of the 
small intestine due to adhesions or inflamma- 
tory processes. In the more proximal lesions, 
serious symptoms were manifested earlier and 
roentgenographic signs were more easily rec- 
ognized. Diagnosis was prolonged in patients 
with sarcomas since these lesions, by reason 
of their extrinsic position, initially displaced 
the bowel, and it was not until ulceration 
of the mucosa occurred or the expanding 
tumor encroached on the lumen that indi- 
cations for operation became apparent. This 
obstructive symptom complex was present 
in 17 of the 27 patients included in this 
series. 

The third symptom complex is one caused 
by the chronic loss of blood into the gastro- 
intestinal tract. Asthenia, anemia, and oc- 
casionally melena developed. Frequently, 
the only evidence of neoplasm in the bowel 
was revealed by laboratory studies showing 
anemia and the presence of occult blood in 
the stool. It is noteworthy that these symp- 
toms are similar to those of cecal car- 
cinoma. 

While these symptom complexes are not 
always as clearly defined as presented, a 
combination of the symptoms may occur 
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Table Il. Duration of symptoms prior to 
operation 


Months | No. 


0- 1 
2- 3 
4- 6 
7- 9 
10-12 

12 


How oD ro 


Table IV. Type of therapy 


Bypass Radia- 
Resec- | anas- | Inop- tion 
tion |tomosis| erable | therapy 
Duodenum 2 3 1 1 
Jejunum 6 4 1 0 
Tleum 3 3 2 2 


with one clinical picture which is_pre- 
dominant. 

Table III refers to the duration of symp- 
toms of patients included in this series, prior 
to the time that the diagnosis of a surgical 
lesion was made. 

Eleven patients, or 40 per cent, had initial 
symptoms 10 or more months prior to di- 
agnosis. The fact emphasizes again the in- 
sidious nature of small bowel lesions. 

The therapy of malignancies of the small 
intestine is often complicated by the fact 
that during operation it is found that the 
tumor has already invaded the regional 
lymphatics, foreshortened the mesentery of 
the bowel, and spread so extensively through 
it that complete irradication is impossible. 


Palpable nodes may be found at the root of _ 


the mesentery in the region of the superior 
mesenteric artery and at its origin, so that 
a complete removal of the tumor is not pos- 
sible. While earlier diagnosis is frequently 
possible in tumors of the duodenum, the 
lesion may be unresectable because of the 
involvement of the retroperitoneal area as 
well as the presence of metastatic disease at 
the time of operation. 

Table IV is a tabulation of therapeutic 
modalities used. One patient with a sar- 
coma of the ileum was treated by irradiation 
therapy with only a biopsy performed at 
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operation. Two patients with carcinoma of 
the duodenum were treated with pancre- 
aticoduodenectomy. 

Curative or palliative resection was pos- 
sible in 11, or 40 per cent, of patients who 
underwent laparotomy. In 10 patients, or 
37 per cent, a palliative bypass procedure 
was performed and in 4 patients no attempt 
at palliation was possible. The operative 
mortality rate for apparently curative re- 
sections was 18.6 per cent. 

In the entire series, 15 patients were not 
included in the survival data because they 
died of intercurrent disease of their ma- 
lignancies were classified as incidental find- 
ings at the time of operation for other 
causes. In the sarcoma series, 1 patient is 
alive and apparently free of disease 11 
years after operation. Three patients died of 
widespread metastases within 6 months of 
operation, and 1 operative death is listed. 

Table V refers to the period of survival 
after resection of the carcinomas. In the 
group of 18 patients diagnosed as having 
primary adenocarcinoma of the small in- 
testine, 5 are alive and well with no evi- 
dence of recurrence of malignant disease at 
the present time. Two patients are 4 months, 
1 patient 3 years, 1 patient 8 years, and 1 
patient 11 years postoperative. Of the pa- 
tients who could be included in the series. 
there was a 5-year survival rate of 20 per 
cent. 

In the series of patients with carcinoid 
tumors, these lesions were incidental find- 
ings in 12 patients at the time of exploratory 
laparotomy for other lesions in the abdo- 
men. Six patients were primarily operated 
upon for symptomatic carcinoid disease. 
Table VI shows the postresection survival 
rate for these patients. One patient is alive 
and well 14 months postoperatively, and 
another is alive and well 6 years after op- 
eration. 


In reviewing the case histories of patients 
with malignant disease of the small intes- 
tine, a large number showed other primary 
malignancies. In Table VII the primary tu- 
mors of the other areas are listed that had 
been diagnosed prior to the occurrence of 
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malignancy of the small intestine or had de- 
veloped subsequent to the operation for that 
disease. This high incidence of other malig- 
nancies may be due to the fact that the 
greatest number of cases were collected from 
the Veterans Administration Hospital, 
where elderly male patients live in the 
domicile associated with this institution. Be- 
cause of this fact, the significance of the 
data in Table VII is open to question. How- 
ever, it does present an interesting fact 
which might be corroborated in a series not 
as heavily weighted with elderly men. 

While the prognosis of malignant neo- 
plasms of the small intestine is relatively 
poor, it is probable that the 5-year survival 
rate could be increased by earlier diagnostic 
efforts and the maintenance of a high index 
of suspicion for the presence of these le- 
sions. Repeated roentgenologic studies may 
often be indicated, and when a tumor of 
the small intestine is strongly suspected but 
not found after repeated radiologic exam- 
ination, exploratory laparotomy should be 
performed. The therapy of choice in the 
treatment of these lesions is a wide resection 
with removal of regional lymph nodes, if 
this proves feasible at the time of laparot- 
omy. If resection is impossible, a palliative 
short-circuiting procedure is of value. In 
some sarcomas, particularly those of the 
lymphoid series, irradiation therapy may be 
of value, but this modality is usually of no 
avail in other lesions. Chemotherapy has so 
far proved unsuccessful with these lesions. 

Pancreaticoduodenectomy is the proce- 
dure of choice for operable duodenal car- 
cinoma. It is interesting to note that Hallen- 
beck’? quotes a 5-year survival rate of 38.5 
per cent with pancreaticoduodenectomy for 
operable carcinoma of ampulla of Vater, 
while the 5-year survival rate for operable 
carcinoma of the jejunum and ileum was 
23.9 per cent from the same institution. 
This is probably due to the fact that the 
ampullary and duodenal carcinomas pro- 
duce earlier symptoms than do lesions of 
the jejunum and ileum. For this reason, pa- 
tients with the former lesions are operated 
upon at an earlier date. 
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The importance of the recognition of any 
of the 3 symptom complexes cannot be over- 
stressed, nor can the necessity for corre- 
lating the radiologic studies of the small 
intestine with the clinical picture that the 
patient presents. As earlier diagnosis of ma- 
lignancies of the small intestine is made, the 
prognosis of surgical therapy should also 
become better. 


SUMMARY 


A group of cases of primary malignancies 
of the small intestine from the University of 
California Medical Center, Los Angeles, and 
Wadsworth General Hospital, Veterans Ad- 
ministration Center, is presented. A total of 
41 new cases of primary small bowel malig- 
nancy have been added to the literature. 
Of this series, 5 sarcomas, 18 carcinomas, 
and 18 carcinoid tumors were found. 

Of this group, 27 patients had sympto- 
matic tumors, and 14 were incidental find- 
ings at postmortem examination or at lap- 
arotomy for other reasons. 


Table V. Postresection survival of patients 
with primary carcinoma of small intestine 


6 mo. | 6 mo.-I yr. | 1-3 yr. 5 yr. or more 


5 4 4 2 


Table VI. Postresection survival of patients 
with primary carcinoid tumors of small 
intestine 


6 mo. | 6 mo.-I yr. | 1-3 yr. |5 yr. or more 


2 2 1 1 


Table VII. Primary malignancies occurring 
in other areas of the body in the same 
patients of this series 


Area | No. 


‘Colon 
Prostate 
Oral cavity 

_ Pancreas 
Lung 
Liposarcoma 
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Three symptom complexes are defined for 
the diagnosis of malignancies of the small 
intestine. 

It was found that in 12 of the patients, 
primary malignancies of other areas oc- 
curred. The significance of this is doubtful, 
as it may represent the advanced age of the 
population included in the study. 
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hylous cysts of the abdomen are a 
group of loculations of varied etiology which 
contain a grossly milky fluid resembling 
chyle. 

Historically, Benevieni, a Florentine anat- 
omist, was the first to observe a mesenteric 
cyst in 1507 while performing a necropsy. 
Rokitansky, in 1842, published the first ac- 
curate description of a chylous cyst found 
at necropsy.'* The first reported successful 
treatment of a mesenteric cyst is credited to 
Tillaux. Pean, 3 years later, was the first 
surgeon to report the recovery of a patient 
with a chylous cyst treated by marsupializa- 
tion.” 

Although mesenteric cysts in general have 
been reported in the literature fairly fre- 
quently since then, chylous cysts seldom have 
been described. Beahrs and associates' re- 
viewed the literature and found reports on 
approximately 600 abdominal cysts of mes- 
enteric, retroperitoneal, and omental types. 
They reported an additional 174 cysts, in- 
cluding 9 of the chylous variety, encountered 
at the Mayo Clinic between 1911 and 1950. 
Since 1950, 142 similar cysts have been seen 
at the clinic, and among them were 14 chy- 
lous cysts. Coursley and co-workers’ reported 
on 2 of the 14 in 1956. The purpose of our 
study is to report the 12 additional cases 
encountered at the clinic between 1950 and 
1959 (Table I), as well as to report on the 
follow-up of the original cases reported by 
Beahrs and Coursley and their associates. 

Review of the literature subsequent to 
1950 showed 15 cases of chylous cysts. Bur- 
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nett and associates* reviewed the literature 
and added 3 cases of mesenteric cysts, 1 of 
which was of the chylous variety. Simon and 
Williamson"! described 3 retroperitoneal 
chylous cysts, and Corrao and Loyudice* in 
Argentina reported 1 case in 1958. Pack and 
associates* and Walker and Cooper’ each 
reported 1 case. Raszkowski and associates® 
reported 2 cases. In addition, 6 cases of 
chylous retroperitoneal lymphangiomas and 
79 cases of postoperative lymphocysts have 
been reported recently.” 7° 


CASE REPORTS 


Case 1. A 5-year-old girl was brought to the 
clinic because her mother had noted that for 3 
or 4 weeks her dresses had fitted more tightly 
than usual. The child had been seen by her local 
physician, and after a few days’ observation it 
became apparent that the abdomen was indeed 
enlarging. Paracentesis was performed with the 
patient under general anesthesia. The results of 
all laboratory studies prior to paracentesis, in- 
cluding excretory urograms, were reported to be 
normal. A moderate amount of milky fluid was 
removed, and on examination this showed a trace 
of protein and 5,450 mg. of lipid per 100 ml. A 
diagnosis of chylous ascites was made and the pa- 
tient was referred to the clinic. Examination 
showed slight drainage from the paracentesis 
wound and a cystic mass in the upper and middle 
parts of the abdomen (Fig. 1). The patient was 
observed for several days, during which time the 
size of the abdomen increased. At operation a 
cyst 15 by 10 by 10 cm. was found in the mesen- 
tery of the first part of the jejunum. Excision 
was accomplished by resection of a segment of 
the jejunum which formed a part of the cyst wall 
(Fig. 2). Microscopic examination of the speci- 
men showed 1 large loculus with smooth muscle 
in the wall and with an endothelial lining and a 
few smaller spaces of cystic lymphangioma (Fig. 
3). The patient has not had further difficulty. 
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Table I. Summary of 12 cases encountered at Mayo Clinic between 1950 and 1959 


Lesion 


Age 
Case | (yr.) | Sex Symptoms 

1 5 F Abdominal enlargement 

2 45 F Incidental 

$$ & F Abdominal mass 

4 52 M_ Incidental 

. 8mo. M Abdominal pain and mass 
6 11 M Abdominal enlargement 

7 3 F Abdominal mass 

8 4% F Abdominal pain 

9 358 M_ Incidental 
10 33 F 
11 30 F 
iz 3 F Left iliac mass 


Cystic lymphangioma (15 by 10 by 10 cm.) 
Cystic lymphangioma (15 cm. in diameter) 
Cystic lymphangioma (6 cm.) 

Cystic lymphangioma 

Multilocular cystic lymphangioma 
Multilocular cystic lymphangioma 

Cystic lymphangioma (11 cm.) 

Cystic lymphangioma (9 by 6 by 2.5 cm.) 
Cystic lymphangioma (12 by 10 by 10) 


Left iliac mass after Wertheim hysterectomy Chylous cyst (5 by 5 by 3 cm.) 
Left iliac mass after Wertheim hysterectomy Chylous cyst (35 ml. chyle aspirated) 


Chylous cyst (5 cm. in diameter) 


Case 8. A 4¥2-year-old girl was seen at the 
clinic in 1957 with a history of pain in the right 
lower quadrant of 2 days’ duration, for which 
she had undergone appendectomy elsewhere. At 
operation the appendix had been found to be 
normal, but a large retroperitoneal mass was 
present. Excision of this mass had not been at- 
tempted because of the operative impression that 
it originated from the kidney and that excretory 
urograms should be made prior to excision. Ex- 
cretory urograms, however, were reported to be 
normal, and the patient was referred to the 
clinic. Examination did not show any gross ab- 
normality and excretory urograms were normal. 
At operation a chylous cystic mass, 9 by 6 by 
2.5 cm., was excised from the mesentery of the 
small bowel (Fig. 4). It was multilocular, and 
microscopic examination showed an _ endothelial 
lining and irregular bands of smooth muscle typi- 
cal of cystic lymphangioma (Fig. 5). The patient 
had an uneventful recovery. 


DISCUSSION 


In a comparison of the present series with 
the cases reported by Beahrs and associates 
it is interesting to note that although more 
cases of mesenteric, retroperitoneal, and 
omental cysts have more recently been seen 
at the same institution in a relatively shorter 
time, the incidence of chylous cysts among 
them has increased, probably because of the 
greater attention paid to the character of 
their content since their report. In Beahrs’ 
series there were 9 cases among 174 abdomi- 
nal cysts; the percentage was 5.1. Chylous 
cysts have made up 9.9 per cent of the ab- 
dominal cysts since that time. The over-all 
incidence of chylous cysts seen at the Mayo 
Clinic is 7.3 per cent. 


The ages of the patients varied from 24 
to 62 years in Beahrs’ series, and from 8 
months to 58 years in the present series. 
Both patients in Coursley’s® report were girls 
less than 15 years of age. The ages of 4 pa- 
tients in our group fell in this pediatric 
range; 4 were in the fourth decade, 1 in the 
fifth decade, and 3 in the sixth decade of 
life. Seven patients in the present series were 
females and 5 were males; in Beahrs’ 
series 5 were females and 4 were males. 

Table II shows the location and symp- 
toms of chylous cysts in both series from the 
Mayo Clinic and in the series from the 
literature. 


In 5 cases a chylous cyst was found in- 
cidentally while an operative procedure was 
being carried out for some other reason. In 
1 case a mass was not noted until routine 
examination. In 6 cases the primary com- 


Fig. 1. Case 1. Prominent enlargement in upper 
and middle parts of abdomen is evident with pa- 
tient in supine position. 
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plaint was increase in the size of the abdo- 
men or the presence of an abdominal mass 
(Table II). Abdominal pain was reported 
in 3 cases. In Beahrs’ series a chylous cyst 
was found incidentally in 1 case, while the 
primary complaint in 4 patients was an 
abdominal mass. Accompanying symptoms 
in all series included varying degrees of 
flatulence, constipation, dyspnea, and nau- 
sea. Chylous cysts developed subsequent to 
operation in 3 patients; pain was a symptom 
in 1 patient and a mass was noted on ex- 
amination in the other 2 cases. Symptoms 
were similar in the cases of chylous cysts 
including those of the postoperative type 
reported in the literature. 

Excision was the treatment of choice in 
10 cases in the present series, marsupializa- 
tion in | case, and percutaneous aspiration 
in 1 case (Table III). Treatment in Beahrs’ 
series consisted of excision in 7 cases, mar- 
supialization in 1 case, and drainage in | 
case. None of the patients were treated by 
marsupialization or drainage alone after 
1950. The 1 patient treated by aspiration 
had undergone a Wertheim hysterectomy 
and pelvic lymphadenectomy 6 months 
previously. This was followed by the forma- 
tion of a chylous cyst. 

Further follow-up was available in 2 cases 
reported previously by Beahrs and associ- 
ates.1 One patient, a 37-year-old woman 
treated by marsupialization and drainage on 
2 occasions, had not had a recurrence for 
8 years and died of hypertensive cardiovas- 
cular disease and uremia. The other patient, 
a 58-year-old man treated by excision, lived 
for 8 years and died of bronchogenic car- 
cinoma. 

Two patients in the present series had 
recurrences which required additional op- 
eration (Cases 5 and 10); there were no 
deaths. Apparent recurrence and spontane- 
ous rupture of a cyst occurred in a patient 
treated by marsupialization (Case 6). Seven 
years after operation he complained of a 
mass; treatment was conservative because 
the mass had disappeared by the time of his 
arrival at the clinic. Presumably the cyst 
had ruptured. The treatment of choice is 


Fig. 2. Gross specimen of the segment of ileum 
which was surgically excised from a 5-year-old 
girl. Note the large loculus which overshadows 
the smaller spaces present in this cystic mesenteric 
chylangioma. 


was surgically excised. Only a portion of the 
large loculus is seen on the right; a few spaces 
of cystic lymphangioma, which are also lined 
with endothelium, are seen on the left. Smooth 
muscle fibers were found in the wall. (Hematoxy- 
lin and eosin; x30.) 
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Fig. 4. Case 2. Gross surgical specimen shows 
opened large loculus of cystic lymphangioma. Note 
trabeculated wall. 


Table II. Location and symptoms of chylous 


cysts 
Mayo Clinic series Series 
from 
Present | Previous | liter- 
series series* | ature 
Location 
Mesentery of small 
intestine 4 2 
Retroperitoneum 4 2 10 
Mesentery of colon 1 0 1 
Iliac region 3 0 79 
Pancreas 0 0 1 
Omentum 0 2 0 
Not stated 0 2 1 
Symptomst 
Mass 6 6 9 
Pain 3 4 5 
Diarrhea 0 1 0 
Nausea and vomiting 0 1 0 
Constipation 1 1 0 
Incidental finding 5 1 3 


*Beahrs and associates, 9 cases; Coursley and associates, 


2 cases. 


+These symptoms do not include those in the 79 cases of 
postoperative lymphocysts. 


excision, either intact or after decompres- 
sion, if the former method is not technically 
feasible. There were no instances of any 
difficulty ensuing because of rupture of cysts 
and spillage of chyle into the peritoneal 
cavity, nor did chylous ascites occur after 
excision. The recurrence rate was not in- 
creased in cases in which rupture of the 
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cyst occurred during excision. Usually 
drains are not necessary. 

There may be difficulty in determining 
the etiology and, therefore, in defining a 
classification for certain cystic lesions of 
the abdomen, particularly chylous cysts, 
partly because of the lack of any large series 
available for review. In considering the 
etiology, Beahrs and associates? pointed out 
that all cystic lesions which contain chylous 
fluid are not of single origin. Some are pre- 
formed or developmental anomalies, some 
have a traumatic origin, others may result 
from infection, and some may arise from 
neoplasia. The size of the cysts may vary 
from several centimeters to those so large 
that they fill the entire abdominal cavity 
or retroperitoneal space. They may be uni- 
locular or multilocular and the lining will 
depend on the etiology. The content of the 
cyst is not a reliable means of ascertaining 
the origin of a chylous cyst because various 
circumstances may alter the content. Ad- 
mittedly, there has been little if any attempt 
to characterize the contents of chylous cysts. 
Hemorrhage and inflammation in the cyst 
are common. Cholesterol clefts, fatty de- 
generation, and foam cells are seen occa- 
sionally. 

The chylous cysts in 4 cases reported by 
Beahrs and co-workers? were classified as 
congenital or developmental. In addition, 2 
were acquired, 1 was a lymphangioma, and 
2 were malignant lymphangioendotheliomas. 
Of the 2 cysts reported by Coursley and as- 
sociates,” 1 was a lymphangioma and the 
other was an acquired cyst. 

In the 12 cases in the present series, 9 
lesions were considered to be cystic lym- 
phangiomas and 3 were acquired cysts 
which developed after Wertheim hysterec- 
tomies. 

In the cases reported in the literature 
there were 24 retroperitoneal lymphangi- 
omas of which 10 were chylous, 2 were 
lymphangiomas of the abdominal cavity, 81 
were acquired chylous cysts, and 1 was a 
lymphangioma of the pancreas. The loca- 
tion of 1 cyst was not stated. 

In the present series, the predominant 
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Table II. Chylous cysts: treatment and 


results 
Present | Previous | Recur- 
Treatment series | series* rence 
Excision 10 7 0 
Marsupialization 1 1 1 
Enucleation 0 2 0 
Drainage 0 1 1 
Percutaneous aspiration 1 0) 0 
*Beahrs and associates, 9 cases; Coursley and associates, 
2 cases. 


pathologic finding of chylangioma is of in- 
terest. According to Ewing,® a chylangioma 
is a cavernous lymphangioma which con- 
tains a milky fluid. The chylangiomas found 
closely resembled cystic lymphangiomas 
(hygromas) seen in other parts of the body, 
such as those in the cervicomediastinum, but 
differed from them in the character of their 
contents. However, the etiology and patho- 
genesis of chylangioma are apparently simi- 
lar to those of other cystic lymphangiomas 
and these lesions may arise from congenital 
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sequestrations of the lymphatic system 
which may undergo cyst formation even in 
later life. 

Rauch” recently reviewed the literature 
on retroperitoneal lymphangioma and found 
20 cases reported to which he added 2 of 
his own. Eight of the lesions were chylous. 
These are also usually seen as unilocular or 
multilocular masses and are thought to be 
derived from congenitally misplaced lym- 
phatic tissues rather than from obstruction 
of existing lymphatic channels. Raszkowski 
and associates’ pointed out that there are 
2 types of intra-abdominal lymphangiomas; 
the majority are unilocular or dumbbell in 
shape and the treatment of choice is simple 
excision. The other, less frequent, type is a 
multicystic lesion which is thought to invade 
by endothelial sprouting and has a high rate 
of recurrence. 

Of the 9 cystic chylangiomas in the pres- 
ent study, 4 occurred in children and were 
grossly multilocular. Two of the 4 patients 


Fig. 5. A, Section of a large chylous loculus which was lined by endothelium and 
contained smooth muscle in its wall. B, Smaller loculi of typical cystic lymphangioma 
in same specimen as in Fig. 4. (Hematoxylin and eosin; x30.) 
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had recurrent formation of cysts after op- 
eration. Only 1 required an additional sur- 
gical procedure and the cyst in the other 
apparently ruptured spontaneously. 

The 5 cystic chylangiomas in adults were 
grossly unilocular, although careful micro- 
scopic examination of the wall usually re- 
vealed a few additional intramural lym- 
phangiomatous spaces. None of the patients 
had an apparent postoperative recurrence. 
In all cystic chylangiomas an endothelial 
lining could be demonstrated. Smooth mus- 
cle in the cyst walls was seen as irregular, 
incomplete, thin bands and was similar to 
that found in cystic lymphangiomas in other 
locations in the body. Occasionally a small 
focal deposition of lymphocytes was noted 
in the wall of a cyst. The cysts had vari- 
able amounts of fibroadipose tissue from 
the retroperitoneum or mesentery in their 
walls. 

The manner in which chyle accumulates 
in some intra-abdominal cystic lymphangi- 
omas remains unclear. Whether this chylous 
fluid is derived through the return of chyle 
from the intestine and deposition within ob- 
structive lymphangiomatous spaces, whether 
it accumulates predominantly as a transu- 
date, or whether it results from a change in 
the composition of contained lymph cannot 
be categorically stated. Lymphangiography 
may prove of value in demonstrating any 
intestinal lymphatic or other communica- 
tions with cystic chylangiomas. 

All 3 chylous cysts which developed after 
Wertheim hysterectomy apparently were 
unilocular and arose in the region of the 
left iliac lymphadenectomy. Removal was 
followed by recurrence in only 1 case. The 
fibrous wall was available for examination 
in 2 cases. These cysts lacked an endothelial 
lining in addition to the bands of smooth 
muscle noted in the cystic chylangiomas. 
Occasionally, however, traumatic cysts may 
be partially lined by endothelium. Such 
cysts appear to arise from accumulations of 
lymph from lymphatics which are _inter- 
rupted surgically in the course of radical 
dissection of pelvic lymph nodes or they 
may result from degenerative change in 
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liquefying hematomas. Again, the nature of 
their content has not been accurately speci- 
fied. Nelson and Houston’ recently re- 
viewed the literature and found a total of 
77 similar cases, to which they added 2. 
They quoted Gray’s series of 9 cases, which 
followed postoperative roentgen treatment, 
and Mori’s series of 68 cases. The incidence 
of postoperative recurrence in these 2 series 
of cases was cited as 16.3 per cent and 48.5 
per cent. Spontaneous regression was 
thought to occur in the majority of these 
cysts, and this may account for the low 
incidence in the present series. 


SUMMARY 


In 316 cases of abdominal cysts seen at 
the Mayo Clinic between 1911 and 1959 
there were 23 cases of chylous cysts, an 
incidence of 7.3 per cent, 11 of which were 
reported previously. 

In the 12 new cases which are reported, 
9 patients were considered to have chylous 
cystic lymphangiomas (chylangiomas) and 
3 had acquired chylous cysts which devel- 
oped subsequent to Wertheim hysterectomy. 

Abdominal masses, noted in 8 cases, or 
pain and discomfort of some type were the 
most frequently encountered findings in 
these patients. Five patients were completely 
asymptomatic. 

Chylous cysts may occur at any age and 
in either sex. 

The results obtained predominantly favor 
excision as the treatment of choice. Of the 
9 patients with cystic chylangiomas, 4 were 
children and 5 were adults. In the children 
the lesions were grossly multilocular; 2 were 
symptomatically recurrent, although only 1! 
required additional surgical attention be- 
cause the other cyst apparently ruptured 
spontaneously. In the 5 adults all of the 
cysts were grossly essentially unilocular and 
did not recur postoperatively. 

All 3 acquired chylous cysts developed 
after the patients had undergone Wertheim 
hysterectomy and all were located in the 
region of the previous left iliac lymphade- 
nectomy. Temporization may be indicated 
in cases in which a chylous cyst develops 


; 
2 


Volume 50 
Number 4 


after pelvic lymphadenectomy, since spon- 
taneous regression may occur, although in 
persistent cases excision is the treatment of 
choice. 
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A procedure to prevent reflux after 


esophago gastric 
resection: experience 


with 17 patients 


perative techniques currently in use 
for reconstruction after esophagogastrectomy 
often prove unsatisfactory because they are 
complicated in the postoperative period by 
severe peptic esophagitis. This report de- 
scribes a new procedure designed to produce 
a competent esophagogastric anastomosis 
which prevents reflux. The aim of this op- 
erative procedure is to create a valve mech- 
anism by the implantation of esophagus 
into the stomach in such manner that intra- 
gastric pressure mechanically closes the eso- 
phageal lumen. A perfect apposition of the 
mucosa of the esophagus to that of the 
stomach eliminates secondary stricture. For 
this reason, the anastomosis, which is buried, 
must be very wide. To insure this, the esoph- 
agus is anastomosed to the stomach at the 
site of gastric transection; it is not merely 
implanted as in Sweet’s operation. 


OPERATIVE TECHNIQUE 


The operative procedure is carried out by 
means of a left thoracotomy through the 
bed of the seventh or eighth rib. After ex- 
cision of the lower esophagus and the fundus 
of the stomach, the anastomosis is con- 
structed at the left half of the open end of 
the stomach at the site of gastric transsec- 
tion. Three successive rows of seromuscular 
sutures are placed between esophagus and 
stomach. Abrasion of the serosa to be ap- 
posed is carried out in order to obtain bet- 
ter adhesion of esophagus to stomach (Fig. 
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1). The first row of sutures is placed 4 to 5 
cm. proximal to the clamp on the esophagus 
and at the same distance from the posterior 
edge of the site of gastric transsection. Four 
sutures are necessary on an average for each 
of these rows. After the 3 suture rows are 
placed, the muscular wall of the esophagus 
is incised, and an additional line of sutures 
between the muscular coat of esophagus and 
stomach is made. Finally, the mucosa of the 
esophagus is sectioned and the mucosae of 
stomach and esophagus are approximated 
edge-to-edge with the final row of sutures. 
It is now apparent that the posterior lip of 
the anastomosis protrudes well into the gas- 
tric lumen (Fig. 2). The anterior layer of 
the anastomosis is constructed in similar but 
reverse fashion (Fig. 3). A mucosal suture 
line is followed by a second row of sutures be- 
tween the muscularis of stomach and esoph- 
agus, which is followed in turn by 3 in- 
verting rows of sutures. The greater curva- 
ture of the stomach inverts with ease an- 
teriorly. The gastric wall is less abundant, 
however, and 2 inverting rows and some- 
times only | are possible here. 

The right portion of the opened end of 
the stomach is now closed in 2 layers and 
the inversion is continued between the left 
side of the esophagus and the gastric wall. 
All layers are sutured with No. 1-0 nylon 
by means of a curved needle. When com- 
pleted, the anastomosis resembles the pro- 
trusion of the cervix into the vagina, having 
the aspect of a “fish mouth.” It is sur- 
rounded by a cul-de-sac of stomach wall 4 
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to 5 cm. deep posteriorly and 1 to 2 cm. 
anteriorly. 

The stomach is then sutured to medi- 
astinal pleura in order to prevent tension 
on the anastomosis during the period of 
healing. The diaphragm is closed around 
the stomach and the thoracotomy closed 
after catheter drainage. It is essential that a 
long extramucosal pyloromyotomy be car- 
ried out before construction of the anas- 
tomosis is begun. 
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EXPERIMENTAL OBSERVATIONS 


These experiments were carried out with 
human autopsy material. The esophagus, 
stomach, and first portion of the duodenum 
from 10 fresh autopsy specimens were 
utilized. A short gastroesophageal resection 
was carried out, and reconstruction per- 
formed as described. A “control” prepara- 
tion was made according to the procedure 
described by Sweet. The patency and con- 
tinence of the anastomosis were then stud- 
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Fig. 1. A, Three posterior muscular rows of sutures. B, The first row is knotted. The 
section of the esophagus is shown by the dotted lines. 
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Fig. 2. A, Musculomuscular posterior layer. All the stitches are already threaded. 
B, The end of the mucomucous anterior layer, with the U point. One can see the 
bulging of the posterior lip of the anastomosis. 


ied. The anastomosis proved to be widely 
patent. A large proctoscope could be intro- 
duced easily by manipulation from the 
esophagus into the stomach. Barium passed 
easily also. 

The anastomosis proved to be competent, 
in most cases immediately after its comple- 
tion, whereas a preparation made according 
to Sweet’s description showed spontaneous 
reflux into the esophagus when water was 
introduced into the stomach. When slight 
manual pressure was applied, the reflux be- 


came massive. In the first 3 preparations 
constructed as we described, the inverting 
surfaces representing a papilla about 5 to 6 
em. in length, competence was found to be 
complete with regard to both liquid and gas 
even when strong manual pressure was ap- 
plied to the stomach. 

An attempt was made to determine just 
how much inversion was necessary to give 
the correct degree of competence. A prepa- 
ration with an inversion of 1 cm. proved to 
be incompetent; another with an inversion 
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of 2 cm. proved to be imperfectly com- 
petent for liquids. Two preparations with 
inversions of 2.5 and 3 cm. proved to be 
perfectly competent for liquids, but gas 
passed readily through under slight pres- 
sure. Two preparations with inversions of 
3.5 and 4 cm. were found to be perfectly 
competent with regard to both liquid and 
gas, even under pressure (Fig. 4). We there- 
fore believed that papillary implantation of 
the esophagus into the stomach with crea- 
tion of a cul-de-sac around the anastomosis 
3 to 4 cm. deep posteriorly and 1 to 2 cm. 
in front was satisfactory to prevent reflux. 
Any gastric pressure greater than the eso- 
phageal pressure would serve to close the 
valve. Thus encouraged, we have utilized 
this procedure during the past 2 years for 
17 patients.® 


CLINICAL OBSERVATIONS 
AND INDICATIONS 


The patients to be described were treated 
exclusively for histologically benign diseases 
of the cardioesophageal area, namely ulcers 
and peptic strictures of the esophagus, eso- 
phageal varices, and megaesophagus (‘Table 
I). We have deliberately not utilized this 
operation: in patients with ‘malignancies. 
The extent of excision necessary, frequent 
lack of gastric acidity, and frequency of 
short survivals of patients with malignant 
disease make postoperative esophagitis less 
common in patients who have been op- 
erated upon for malignant tumors of gastro- 
esophageal area. It was decided therefore, 
that benign lesions of the esophagus offered 
the best test of the operative procedure. 

Ulcers and benign strictures of the esoph- 
agus. Some of the more limited lesions of 
the lower esophagus are no doubt suitable 
for subdiaphragmatic reposition of the car- 
dia and local plastic operations. Out of a 
total of 41 patients with peptic diseases of 
the esophagus who have been treated sur- 
gically, 13 consecutive operations were per- 
lormed, especially in older and weaker pa- 
tients. The results of these operations are 
‘00 frequently mediocre. Esophagogastric re- 
section is, therefore, preferred when con- 
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ditions permit it. In fact, it is often neces- 
sary for lesions which are extensive or lo- 
cated high, such as short esophagus or endo- 
brachyesophagus.’” We agree with Re- 
sano that proximal gastrectomy, which in 
effect creates a short esophagus surgically, 
is not a sound procedure. Out of 10 esopha- 
gogastrectomies carried out according to the 
technique of Sweet, we have observed 4 
patients with severe reflux esophagitis. On 
the contrary, higly satisfactory results have 
been attained with the competent anasto- 
moses described. Out of 7 patients treated 
by this method, 6 made complete recoveries 
with no clinical or radiologic evidence of 
reflux esophagitis. The seventh patient died 
of respiratory insufficiency from atelectasis 
of the left lung and a right pneumothorax. 


Case 1. P. O. U., a 62-year-old woman, had 
complained for a period of 1 year of thoracic 
pain, dysphagia, regurgitation, and _hiccuping. 
Radiographs and esophagoscopy had shown a 
stricture and ulceration of the lower esophagus 
(Fig. 5). Radiocinematography confirmed this 
finding. The patient was operated upon on March 


Fig. 3. A, Anterior seromuscular layer and B, 
anastomosis completed. 
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Fig. 4. Experimental specimen. The anastomosis 
is at the bottom. The stomach has been filled 
with barium. None of the material passes into 
the esophagus. 


22, 1958. Thoracotomy demonstrated a brachy- 
esophagus with stricture. It was believed that a 
resection of the esophagus was indicated. The 
specimen removed showed brachyesophagus with 
stenosing esophagitis. The repair was carried out 
according to the technique described for a com- 
petent anastomosis. The patient’s postoperative 
course was very satisfactory. Two months after 
the operative procedure, the patient experienced 
slight dysphagia during ingestion of large pieces 
of solid food. This was treated symptomatically 
and dilatation was not necessary. It was found 
that the largest esophageal catheter passed easily 
through the anastomosis. Radiograms have con- 
firmed the ease of passage and absence of reflux, 
although the patient does have frequent gaseous 
regurgitation. She subsequently was seen in 1959 
and was asymptomatic at that time (Figs. 6 
and 7). 


Megaesophagus. Although the Heller op- 


eration remains the best possible operative 
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treatment for spasm of the cardia, some fail- 
ures are associated with its application. 
These are often caused by inadequate myot- 
omy, and subsequent myotomy will be suc- 
cessful. Nonetheless, a certain percentage of 
true failures occurs after the best possible 
myotomy and in these patients, it is be- 
lieved that esophagogastric resection is nec- 
essary. 

Failure of the Heller operation can even 
be predicted before operation in some pa- 
tients, such as those with an exaggeratedly 
dilated esophagus occupying the entire me- 
diastinum or one which is bent in large sig- 
moid loops and is overstretched and irre- 
cuperable. Since cardioplasty has been 
shown to be followed in many instances by 
disastrous postoperative results, we believe 
that a resection is indicated in these pa- 
tients: If a procedure which produces a 
competent anastomosis can be carried out 
and reflux esophagitis prevented, the appli- 
cation of esophagogastrectomy in these in- 
stances should be feasible. 

Our experience has been with 5 patients 
treated by esophagogastrectomy with com- 
petent anastomosis for megaesophagus. Of 
these patients, 4 had undergone a Heller op- 
eration previously which was followed by 
recurrence of the symptoms. In addition to 
mega esophagus, 1 of the 4 patients had a 
cancer. The fifth patient underwent initial 
proximal gastrectomy with competent an- 
astomosis for enormous megadolichoesopha- 
gus. Because of esophageal atony, 2 of the 
5 patients still complain of slight thoracic 
oppressiveness during meals without actual 
dysphagia or regurgitation. The progression 
of food is slowed down by the lack of peri- 
stalsis. However, one of the advantages of 
esophagogastric resection for megaesopha- 
gus lies in the shortening of the megadoli- 
choesophagus, thus allowing quicker de- 
scent of the food into the stomach. 


Case 2. Since 1940, B. A. S., a 60-year-old 
woman, had complained of epigastric pains, dys- 
phagia, and regurgitation as a consequence of 
megaesophagus. In April, 1958, the Heller op- 
eration was carried out through an abdominal 
approach with resection of a longitudinal ribbon 


ay ¢ 
‘ 
t 
: 
zat d 
tl 
Pp 
c 
it 
: 2 
= sl 
= e 
= 
ti 
p h 
: d 
p 
t 


Volume 50 
Number 4 


Table I. Esophagogastrectomy with competent anastomosis 
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Postoper- Postoperative 
Indications No. of cases Recoveries ative reflux complications Deaths 
Ulcer and peptic 7 6 0 2 pneumothorax Pneumothorax 
stricture of with recovery, 1 and atelec- 
esophagus stricture by un- tasis 
folding of invag- 
ination with re- 
covery after re- 
operation 
Megaesophagus 5 3 ad — Cardiorespira- 
tory insuffi- 
ciency 
Esophageal and _5 (2 extrahepatic 4 (2 extrahepatic 0 1 right pneumo- Hepatic coma 


block, 3 cir- 
rhosis ) 


gastric varices 
rhosis ) 


block, 2 cir- 


thorax 


*Cancer was superimposed on megaesophagus. 


of the muscular layer of the esophagus over 8 

to 10 cm. in length. At the end of the operation, 

the esophagus ruptured completely on the tape, 

separating from the cardia. Reanastomosis was 

performed in 1 layer, and the postoperative course 

was not remarkable. However, dysphagia persisted | 
with dyspnea, anxiety, tachycardia, and stifling 

sensations when food passed. Radiograph showed 

the persistence of the dolichomegaesophagus with- 

out peristaltic contractions (Fig. 8). It was be- 

lieved that another attempt at a Heller myotomy 

would be doomed to failure. The patient was op- 

erated upon again in November, 1958, at which 

time proximal esophagogastrectomy with com- 

petent anastomosis was carried out. Operative 

exploration showed that the preceding anastomosis 

was supple and wide, admitting the forefinger. 

The esophagogastric resection with excision of 3 

cm. of the fundus was carried out, after which 

a competent anastomosis approximately 4 cm. in 

diameter was constructed by the technique de- 

scribed. At the end of the operative procedure, 

the stomach was inflated with air through a 

catheter passed through the anastomosis. Com- 

petence of the anastomosis appeared perfect. The 

catheter was left in situ. No pyloromyotomy was 

carried out. The patient was subsequently seen 

in March, 1959, at which time she had gained 

22 pounds. This time she did not have dysphagia, 

showed no symptoms of reflux, and eructations 
were possible. Epigastric discomfort was, how- 

ever, present and there was radiographic evidence 
of spasm of ‘the pylorus. Subsequent to this time, 

we have added a pyloromyotomy as part of the 
operative procedure. In November, 1959, the pa- 
tient had no digestive complaint and considered 
herself as completely recovered. Roentgenogram 
demonstrated a wide anastomosis (Fig. 9), and 
complete absence of reflux in the Trendelenburg 
position. Barium could be seen to outline the con- 
tcurs of the esophageal papilla (Fig. 10). 


Esophageal varices. The operation is justi- 
fied under these circumstances by the fact 
that these varicose veins are not, in reality, 
the spontaneous portacaval esophagocardiac 
anastomoses that they have been said to 
be. Such anastomoses do exist, but they 
lie below the varicosities. The varicosities 
themselves are submucous and the anasto- 
moses are intramuscular. The varicose veins 


Fig. 5. Case 1. Preoperative roentgenogram of 
ulcerative stricture of esophagus. 
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Fig. 6. Case 1. Roentgenogram taken 6 months 
after operation shows easy passage through anas- 
tomosis. 


are actually nothing but ectasias of the finer 
submucous branches, truly nonfunctional 
venous cul-de-sacs. 

The procedure of competent anastomosis 
described may be of value, insofar as it 
causes an increase in intragastric pressure 


which opposes the thoracic negative pres- ° 


sure which has been suggested to be re- 
sponsible in part for the genesis of esophag- 
eal varicose veins. Reflux is also prevented 
and the risk of new hemorrhages by peptic 
ulceration of the remaining or relapsing 
varices is avoided without the disadvantage 
of total gastrectomy as proposed by Baron- 
ofsky.* 

Proximal gastrectomy thus appears to be 
indicated for this disease under several con- 
ditions. Since compression by a_ balloon 
catheter usually permits a temporary cessa- 
tion of hemorrhage, it is usually not ap- 
plicable in instances of acute bleeding. In 


Fig. 7. Case 1. Six months after operation (Tren- 
delenburg position) after esophageal lavage. There 
is no reflux. The bulging of the anastomosis into 
the stomach is clearly seen. 


instances of secondary hemorrhage occur- 
ring as soon as the compressing tamponade 
has been released, however, the operation 
can be carried out. It is to be preferred to 
transesophageal ligation of the veins when 
this is carried out as the definitive operation 
(portacaval anastomosis impossible). The 
ultimate results after this operation appear 
to be much better, as indicated by the 
comparative statistics. In a collected group 
of 113 patients with transesophageal vein 
ligations (statistics of Boerema, Crile, Ham- 
ilton, Hsu, Linton, Longmire, Ludington, 
Marion and Desgouttes, and Roy-Cohn), 
there were 44 deaths and 69 survivals. 
Among the patients surviving, 20 experi- 
enced secondary hemorrhage and there were 
28 recoveries. Twenty-three patients were 
secondarily treated by portacaval anastomo- 
sis. After 66 proximal gastrectomies for this 
condition, there were 12 deaths (18 per 
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cent), 3 secondary deaths, and 51 recov- 
eries (77.5 per cent). In addition to its use 
as described for emergency situations, prox- 
imal gastrectomy is indicated when porta- 
caval anastomosis is impossible. For ex- 
ample, when there is recurrence of hemor- 
rhage after splenectomy or splenorenal 
anastomosis previously performed for extra- 
hepatic portal vein obstruction, the opera- 
tion can be utilized. 


Case 3. R. I. N., was a 17-year-old girl who 
developed a first hematemesis in October, 1958. 
Splenomegaly was discovered at this time and 
splenoportogram showed reflux through the gas- 
tric and esophageal veins and the absence of a 
portal vein trunk (Fig. 11). The patient was 
operated upon on March 12, 1958, at which 
time a splenorenal anastomosis was carried out. 
Postoperatively the patient did well until hema- 
temesis occurred in June, 1959, at which time 
varicose veins were again demonstrated radi- 
ologically (Fig. 12). Because of succeeding hem- 
atemesis, proximal gastrectomy was decided up- 


Fig. 8. Case 2. Preoperative roentgenogram of 
dolichomegaesophagus esophageal stenosis 
Which persisted after Heller operation. 


Prevention of reflux after esophagogastric resection 607 


on. The patient was operated upon on June 11, 
1959. Operation was carried out through the bed 
of the eighth left rib. Approximately 4 cm. of the 
esophagus in addition to the fundus of the stom- 
ach was resected, and competent anastomosis was 
carried out. The operative specimen showed nu- 
merous varicose veins under the esophageal mu- 
cous membrane. The patient was seen 6 months 
postoperatively and had no complaints at that 
time. There was no dysphagia or reflux and 
eructations were possible. A radiograph showed 
no varicose veins and continence was perfect. 
The patient had not had subsequent hemorrhages 
(Figs. 13 and 14). 


In our opinion, some patients with cir- 
rhosis seem to be benefited more by upper 
pole gastrectomy than by portacaval anas- 
tomosis; for example, those with associated 
moderate portal hypertension. Here, as with 
all such shunts, the portacaval anastomosis 
can become thrombosed and, moreover, in 
this circumstance a notable degree of he- 
patic perfusion still exists by way of the 


Fig. 9. Case 2. Roentgenogram taken 1 year after 
operation shows good passage through anastomo- 
sis. The esophageal caliber is quite normal. 
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Fig. 10. Case 2. Roentgenogram taken 1 year 
after operation shows no reflux. There is neat 
bulging of anastomosis into gastric lumen. 


portal vein and this should be retained. 
Also, it appears preferable in situations as- 
sociated with psychiatric disorders, enabling 
one to see that an encephalopathy may en- 
sue after a venous anastomosis. 

Three proximal gastric resections with 
competent anastomoses have been carried 
out for this condition with 2 successes and 
| death due to hepatic coma. It must not be 
denied that proximal gastrectomy for vari- 
cose veins due to portal hypertension is a 
serious operation, a difficult one, and one 
often complicated by severe hemorrhage. 
On 2 occasions we have been obliged to 
abandon this operation because of a vascu- 
lar periesophageal barrier which proved in- 
surmountable. 


DISCUSSION 


It is not our purpose to claim priority in 
research for an antireflux type of anas- 
tomosis between esophagus and stomach. 
Numerous techniques have been proposed 
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Fig. 11. Case 3. Cavernomatous transformation 
of the vena cava, with portal hypertension and 
esophageal varices. 


for this purpose. We have given these up 
after trial. 

Removal of gastric-acid forming zone of 
the stomach and esophagoantral anastomo- 
sis and pylorotomy as proposed by Wangen- 
steen'’® °° has long been considered to be 
the most successful procedure and has given 
excellent results. However, it is sometimes 
complicated by postgastrectomy problems 
similar to those which follow total gastrec- 
tomy, and reflux may still occur with con- 
sequent esophagitis after this operation. 

Higher esophagogastric anastomosis ap- 
pears theoretically to be of value. However, 
out of 8 patients so treated by us, 1 had 
disruption of anastomosis, 1 had necrosis of 
the fundus of the stomach, and 4 developed 
peptic esophagitis. 

We have not been enthusiastic about the 
esophagojejunal anastomosis with exclusion 
of the stomach on a Roux Y loop (Allison). 
Here the problems due to gastric exclusion 
and the severity of the immediate postop- 


4 : — 
; 
O 
e 
J 
t 
\ 
Oo 
W 
ti 
c 
SI 
b 
a 
Cc 


Volume 50 Prevention of reflux after csophagogastric resection 609 


Number 4 


Fig. 12. Case 3. Roentgenograms which show 
failure of splenorenal anastomosis and reappear- 
ance of esophageal varices. 


erative course have led us to abandon this 
operation. Out of 3 patients so treated, | 
died, 1 developed esophagitis, and 1 recov- 
ered. 

Interposition of an isolated loop of the 
small intestine between the esophagus and 
the stomach (Allison)* is a se- 
rious operation and the risks of peptic 
jejunitis are very great. Of 3 patients so 
treated, 2 died and 1 developed an ul- 
cerating hemorrhagic jejunitis in the loop. 
We have observed swelling and lengthening 
of such loops so that several reoperations 
were necessary to excise the extra. small in- 
testine. The use of transverse colon or ileo- 
cecum™ '°; 17 for this purpose seems to have 
the same disadvantages. 

Inadequacy of the various procedures led 
Kiriluk and Merendino® and Watkins*" to 
suggest the building of a papilla by turning 
back the esophagus cut in bivalve fashion 
and fixing this cone into the stomach. Two 
Clinical applications were reported by these 


Fig. 13. Case 3. Roentgenogram taken 3 months 
after operation shows good passage through anas- 
tomosis. The gastric air pouch is voluminous. 


authors, but no follow-up was given. Since 
1954, no new mention of this procedure has 
been made to our knowledge. In any event, 
a cone of esophageal mucous membrane, 
continually bathed in gastric juice, seems 
to us to be inevitably doomed to peptic 
stenosis. 

Along similar lines, Wooler®* attempt- 
ed on 3 occasions to bring the esophagus 
through a gastric tunnel. Adler’ made a simi- 
lar attempt and Frank’ created a valve by 
invagination of a part of the fundus. The 
base of the invagination was closed by su- 
tures, and the esophagogastric anastomosis 
was placed just in front of the gastric fold, 
so that the valve was applied to the opening 
when the intragastric pressure became 
higher. 

Very recently, Watkins and associates** 
proposed a technique of circumferential 
esophagofundopexy, with the burying of the 
lower esophagus in the fundus, which is sim- 
ilar to the Witzel technique as has been 
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Fig. 14. Case 3. Roentgenogram taken 3 months 
after operation shows no gastroesophageal reflux. 


used by Adler. No resection was carried out 
if the esophageal lesions were still discrete. 
The remainder of the operation was carried 
out in a manner similar to that proposed by 
Nissen’? for hiatal hernia. In the case of an 
ulcer or esophageal stricture, Watkins and 
associates perform an esophageal resection, 
close the cardia, and reimplant the esopha- 
gus into the gastric antrum before burying 
it. The method, very comparable to the one 
we propose, seems to us to be a little more 
complex because of low implantation of the 
esophagus. 

Evaluation of the competent anastomosis. 
It is necessary that there be 4 cm. of esopha- 
cus available to carry out the anastomosis 
correctly. The fact that the operation is 
utilized primarily for noncancerous lesions 
when resection can be reduced to a mini- 
mum limits this particular objection. The 
angle where the right edge of the esophago- 
gastric implantation meets the line of gas- 
tric closure appears to be a weak point in 
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the suture line. In actual fact, a U stitci: 
and the esophagogastric inversion strengthe:: 
it sufficiently. It has caused no difficulty. A 
question may arise as to whether the mu- 
cous membrane of the esophagus thus im- 
planted into the fundus will not be affected 
in the future by esophagitis and peptic 
stenosis. We believe that lack of clinical and 
radiologic evidence of reflux suggests that 
this will not occur. However, we have once 
observed stricture to occur without reflux. 
At a second operation, it was shown that the 
opening was initially too small and had 
been made even smaller by partial unfold- 
ing of the invagination. Abrasion of the 
gastric serosa at the time of placement of 
the sutures for inversion should make this 
complication avoidable. 

Should excessive competence be feared? 
Our patients have never complained of it. 
Some of them have retained the capacity to 
eructate, and others have not noticed its 
disappearance. Care must be taken, how- 
ever, to perform a good pylorotomy or 
pyloroplasty, in order to avoid gastric dila- 
tation. This we have observed on 2 occa- 
sions because the precaution had not been 
taken. 

Advantages of the competent anastomosis. 
The advantages can be summarized as (1) 
simplicity of procedure, (2) security of su- 
tures, (3) smallness of gastric resection with 
remaining large reservoir essential to pre- 
vention of postoperative nutritional disor- 
ders, and (4) effectiveness in preventing 
reflux. Out of 17 patients operated upon, 
we have observed reflux only once. Al- 
though the period of follow-up is still too 
short to allow a definite judgment of this 
operative procedure, these few merits sug- 
gest the use of the competent anastomosis 
after all esophagogastric resections for non- 
cancerous lesions. 


SUMMARY 


An experience with 17 patients operated 
upon over a span of 2 years with the 
esophagogastric competent anastomosis is re- 
ported. This procedure, with implantation 
of the esophagus in the line of gastric tran- 
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section, provides a valve which opposes re- 
flux, but nevertheless allows easy passage of 
food through a wide anastomosis. 
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Successful inferior vena cava-superior 


mesenteric vein shunt 
in an unusual case of 


portal hypertension 


he protective effect of an adequate 
portacaval shunt against recurrent varical 
hemorrhage in patients with portal hyper- 
tension has been well established by the 
pioneering efforts of Blakemore,’ Child,’ 
Linton,'* Rousselot,'* 1° and others. In cases 
in which the obstruction is limited to the 
portal vein, such as in thrombosis and caver- 
nous transformation, and when the splenic 
vein is of adequate caliber, the therapeutic 
procedure of choice is splenectomy with 
splenorenal shunt. Nevertheless, there are 
occasions when such a procedure is not 
feasible and therefore some other method of 
control must be instituted to prevent further 
hemorrhage. These situations have been 
noted by Clatworthy,* Koop,"* and others'® 
and may be outlined as (1) portal venous 
block in infants and young children (up to 
the age of 11) when the splenic vein is too 
small for an adequate splenorenal shunt, (2) 
concomitant thrombosis of the portal and 
splenic veins, (3) portal vein block, either 
primary or secondary to cirrhosis, treated un- 
successfully by previous splenectomy, (4) 
persistent portal hypertension after inade- 
quate or thrombosed splenorenal or porta- 
caval shunt, and (5) extreme technical diffi- 
culty resulting in inability to dissect out the 
portal or splenic veins. 

Various approaches to these difficult situa- 
tions have been proposed. In infants and 
young children, Clatworthy* and Shu- 
macker’® advocate attempts to control the 
hemorrhage by medical measures, tam- 
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ponade, and transesophageal ligation until 
the child is old enough to have a splenic vein 
of acceptable size for shunting. In adults, 
Crile® suggests that transesophageal ligation 
of the varices may be adequate definitive 
therapy. Habif* has recently advocated 
esophagogastric resection with jejunal inter- 
position for cases of persistent, bleeding eso- 
phageal varices after failure of other methods 
of treatment. Tanner advocates ‘“porta- 
azygos disconnection” by gastric resection 
and reanastomosis.’* Others, such as Blake- 
more,’ Child,? Rousselot,’* 7° Hallenbeck,” 
and Reynolds,’® have attempted to decom- 
press the portal venous bed by constructing 
some type of shunt between a tributary or 
collateral of the portal system and the caval 
system. Recently, Julian’ has reported his ex- 
perience with portacaval anastomosis after 
thrombectomy of the portal vein. 

In 1955 Clatworthy® reported the success- 
ful use of a new type of shunt which ap- 
peared promising in the treatment of chil- 
dren with block of the extrahepatic portal 
bed. In this procedure, the inferior vena cava 
was ligated and divided just above the 
bifurcation and the end of the cephalic por- 
tion swung around for anastomosis to the 
side of the superior mesenteric vein. Ex- 
cellent results were obtained in 2 cases in 
which an adequate superior mesenteric vein 
was present. These cases all occurred in in- 
fants or children without peripheral venous 
disease, and there were no untoward sequelae 
from the vena caval ligation.* 

Recently, a case of intrahepatic portal 
hypertension was encountered which was un- 


V 
=" AY 

b 

b 
- Si 
" 
b 
f 
t 

I 

r 
g 

T 

= - t 
i 

| 


Volume 50 
Number 4 


usual because it was complicated by throm- 
bosis of both portal and splenic veins. In the 
control of recurrent varical hemorrhage re- 
sulting from this complex pathologic situa- 
tion, a modification of the procedure used 
by Clatworthy has thus far proved to be 
satisfactory. Because this operation provides 
a relatively simple surgical technique in com- 
parison to esophagogastric resection, it was 
believed that its use in this case merited care- 
ful evaluation and discussion. 


CASE REPORT 


A 32-year-old Caucasian man was first admitted 
to an outside hospital on May 18, 1958, after the 
sudden onset of massive hematemesis and syncope. 
Bleeding continued for an additional 48 hours and 
necessitated a 4,000 ml. blood replacement. Upper 
gastrointestinal roentgen examination showed 
massive esophageal varices and the patient was 
transferred to the Cedars of Lebanon Hospital on 
May 28, 1958, for definitive therapy. 

Past history showed that the patient had been 
in a concentration camp between the ages of 13 
and 18 and had developed severe malnutrition. 
The physical examination on admission showed 
him to be normal except for an enlarged spleen 
which was palpable 8 cm. below the left costal 
margin. Results of laboratory studies were hemato- 
crit, 38 per cent; white blood cells, 4,100; platelet 
count, 116,000; serum bilirubin, 1.8 mg. per cent; 
prothrombin time, 58 per cent; Bromsulphalein, 
12 per cent (45 minutes, 22 per cent); thymol 
turbidity, 2.8 U.; alkaline phosphatase, 1.7 B-L 
units; cephalin flocculation, 3+; and serum pro- 
teins, 6.5 Gm. per cent (albumin/globulin ratio 
3.5/3.0 Gm. per cent). 

The preoperative diagnosis was cirrhosis of the 
liver with portal hypertension, esophageal varices, 
and splenomegaly. 

Operation was performed on June 9, 1958. 
Immediately prior to operation a percutaneous 
splenoportogram (multiple exposure technique) 
showed obstruction of the splenic vein with filling 
of varices in the region of the gastric fundus (Fig. 
1). At celiotomy through an upper transverse ab- 
dominal incision, the liver was found to be nor- 
mal in size with a fine granular surface. Results of 
a frozen section examination of a liver biopsy 
specimen were interpreted as normal and_sub- 
sequently confirmed in the permanent section. The 
spleen was moderately enlarged. Portal pressure 
taken directly from the portal vein was 36 cm. of 
saline solution. Since the liver appeared normal 
and the splenoportogram showed a splenic vein 
occlusion, splenectomy was performed. The splenic 
vein occlusion was confirmed by the inability to 
pass a No. 12 Fr. catheter through it toward 
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the liver. The patient had an uneventful post- 
operative course. 

The patient remained asymptomatic and a 
follow-up esophogram made 5 months after 
splenectomy showed moderate regression of the 
varices. 

On Feb. 2, 1960, the patient was readmitted 
after the sudden onset of recurrent hematemesis. 
On physical examination at the time of admission, 
the pulse rate was 116 (minutes) and blood pres- 
sure 92/60 mm. Hg. There were tarry stools in the 
rectum. Bleeding ceased spontaneously within 16 
hours and did not require esophageal tamponade 
for control. Blood volume was restored during the 
first 24 hours by transfusion of 2,000 units of 
whole blood. Results of laboratory studies were 
hematocrit, 36 per cent; white blood cells, 9,000; 
serum bilirubin, 1.4 mg. per cent; prothrombin 
time, 46 per cent (after vitamin K, 82 per cent) ; 
Bromsulphalein, 7 per cent (45 minutes, 14.5 per 
cent); thymol turbidity, 1 U.; alkaline phos- 
phatase, 1.3 B-L units; cephalin flocculation, 2+; 
and serum proteins, 6.5 Gm. per cent (albumin/ 
globulin ratio, 3.0/3.5 Gm. per cent). 

An esophogram showed the presence of large 
varices involving the distal two-thirds of the 
esophagus (Fig. 2, A). 

Operation was performed on Feb. 25, 1960. 
The peritoneal cavity was entered through the 
previous transverse upper abdominal incision. The 
first loop of the jejunum was identified and a 
jejunal vein isolated in its mesentery and can- 
nulated with a No. 18 polyethylene catheter 
through which a pressure of 28 cm. of saline was 
recorded. A portal venogram was then made by 
injection of 70 per cent Hypaque through the 
catheter. This showed a thrombosed, recanalized 


Fig. 1. Preoperative splenoportogram demonstrates 
splenic vein block. Note small size of splenic vein 
and filling of gastric varices from the splenic bed. 
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Fig. 2. A, Esophogram taken before caval- 
mesenteric shunt demonstrates large varices which 
involve the distal two-thirds of the esophagus. B, 
Esophogram taken 10 months after caval-mesen- 
teric shunt demonstrates marked regression of 
varices. 


portal vein and a wide, patent, superior mesenteric 
vein (Fig. 3). At this point a decision had to be 
made betwen attempting a portacaval shunt, using 
some vessel other than the portal vein, or per- 
forming an esophagogastrectomy. Since the superior 
mesenteric vein appeared suitable for shunting, an 
anastomosis between this vessel and the inferior 
vena cava was elected. 

Extension into a right thoracoabdominal in- 
cision was carried out. The liver appeared normal 
in size with a smooth, firm surface. The superior 
mesenteric vein was then mobilized as it crossed 
the third portion of the duodenum and as far as 
possible behind the neck of the pancreas. The 
portal vein thrombosis was confirmed by direct 
inspection and palpation. The inferior vena cava 
was mobilized from the renal veins to the bifurca- 
tion. It was doubly ligated with No. 2-0 silk just 
above the bifurcation and divided cephalad to the 
ligation after application of an occluding clamp 
just below the renal veins. Since the vena cava was 
not long enough to reach the superior mesenteric 
vein in front of the duodenum and pancreas, a 
tunnel was developed betwen the upper border of 
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the third portion of the duodenum and adjoinin:- 
pancreas through which the divided vena cav. 
was brought to the superior mesenteric vein (Fi: 
4). With a partially occluding vascular clamp on 
the superior mesenteric vein, an end-to-side anas- 
tomosis 2.5 cm. in length was created between the 
divided end of the inferior vena cava and the right 
side of the superior mesenteric vein. A continuous 
over-and-over suture of No. 5-0 arterial silk was 
used. There was an excellent flow of blood through 
the stoma with an immediate drop in the portal 
pressure to 16 cm. of saline solution. 

The postoperative course was complicated by 
transient edema and cyanosis of both lower ex- 
tremities which began on the seventh postoperative 
day with ambulation. This subsided completely 
after 1 week of bed rest, elevation of the lower 
extremities, and transfusion of 75 Gm. of albumin. 
Thereafter progressive ambulation with firm elastic 
support from the toes to the knees was well 
tolerated without edema or pain and the patient _ 
was discharged on the twenty-third postoperative 
day. 

During the next 10 months the patient con- 
tinued to improve and gained in weight and 
strength. There has been no recurrent hemorrhage. 
An esophogram taken 10 months postoperatively 
showed marked regression of the varices (Fig. 
2, B). The serum bilirubin, serum protein, and 
hemoglobin levels have remained within normal 
limits. With constant elastic support during am- 
bulation and elevation of the lower extremities 
when supine, the patient gradually improved his 
tolerance for walking and by the second _post- 
operative month he was able to walk as much as 
he desired without pain or edema. 


DISCUSSION 


The preoperative impression during the 
first admission was that of an intrahepatic 
type of obstruction, but the finding of a 
grossly and microscopically normal liver 
and of a splenic vein occlusion on serial 
splenoportography indicated that the liver 
was not the site of obstruction. A portal 
venogram taken at this time would have 
been of value in the interpretation of this 
unusual combination of findings. Although 
most cases of portal hypertension are either 
due to intrahepatic obstruction (usually por- 
tal cirrhosis) or to extrahepatic obstruction 
(usually thrombosis of the portal vein), one 
will occasionally encounter cases of intra- 
hepatic portal hypertension in which the 
liver appears normal at the time of surgical 
exploration. It may well be that rare cases 
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such as these are examples of what Banti 
originally described. The finding of an occlu- 
sion of the splenic véin in. addition further 
complicated the present case. 

The presence of a thrombosed, recanalized 
portal vein during the second operative pro- 
cedure precluded the performance of a 
standard portacaval shunt. Since the splenic 
vein was also unavailable, there remained a 
choice between performance of some other 
type of portacaval shunt or a direct attack 
upon the varices themselves. The inferior 
vena cava-superior mesenteric vein shunt 
was selected because the expected mortality 
and morbidity rates were far lower than 
those of esophagogastrectomy. In addition, 
portal decompression could be accomplished. 
The rapid drop in portal pressure, the 
marked regression of the varices, and the 
clinical course of the patient to date all 
favor the choice of this procedure. 

The inadequate length of the vena cava 
in this patient precluded the construction of 
a shunt in front of the duodenum as de- 
scribed by Clatworthy.**® Accordingly, a 
shorter route was improvised by creation of 
a tunnel between the superior margin of the 
third portion of the duodenum and the in- 
ferior border of the head of the pancreas. 
This proved to be an extremely helpful 
maneuver without which the shunt could 
not have been accomplished. 

Although it is impossible to draw any 
general conclusions from a single experience, 
we were extremely impressed by the useful- 
ness of the vena cava-superior mesenteric 
vein shunt in a case of portal hypertension 
in which both the portal and splenic veins 
were unavailable for portasystemic anasto- 
mosis. Other types of communication be- 
tween the portal and systemic systems have 
been considered or attempted, but usually 
with little success. They avoid interruption of 
the inferior vena cava, which is the only 
undesirable feature of this procedure. Since 
the distance between the inferior vena cava 
and the superior mesenteric vein is too great 
to allow a side-to-side anastomosis, it has 
heen bridged by a communicating venous 
‘utograft.* 1% 15516 The need for 2 anasto- 
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moses and the limited size of veins available 
for autograft are obvious disadvantages of 
this procedure. The use of collateral vessels 
in the portal system for anastomosis to the 
vena cava has usually met with failure be- 
cause these vessels are often small, fragile, 
and thin-walled. As a result, the flow is in- 
adequate for decompression and the shunts 
frequently thrombose. Poor results have been 
reported after the utilization of other tribu- 
taries of the portal and caval systems, such 
as the spermatic, ovarian, iliolumbar, renal, 
inferior mesenteric, and coronary veins for 
shunting purposes.’ Occasionally, as in- 
dicated by Hallenbeck,° a solitary large ves- 
sel of adequate quality may be found in the 
porta hepatis and may be successfully uti- 
lized. The use of a double-barreled anasto- 
mosis between the divided superior mesen- 
teric vein and the inferior vena cava carries 
with it the risk of thrombosis of the mesen- 
teric vein, in addition to the need for 2 
anastomoses. Anastomosis of the left renal 


Fig. 3. Operative portal venogram taken at time 
of second operation demonstrates thrombosed, re- 
canalized portal vein, patent superior mesenteric 
vein, and extensive varices and collateral vessels. 
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VARICES 
ESOPHAGUS 


PORTAL VEIN 
(THROMBOSED) 


PANCREAS 


SPLENIC VEIN 


{ 
RIGHT KIDNEY —+ (OCCLUDED) 


INFERIOR VENA CAVA- 
SUPERIOR MESENTERIC 


F y 
INFERIOR VENA CAVA VEIN SHUNT 


INFERIOR VENA / SUPERIOR MESENTERIC 
CAVA (LIGATED) (/ VEIN 


Fig. 4. Diagrammatic representation of surgical 
technique utilized in the performance of end-to- 
side vena cava-superior mesenteric vein shunt 
through a tunnel between the duodenum and the 
pancreas. 


vein to the side of the superior mesenteric 
vein is another possibility which would, how- 
ever, necessitate a left nephrectomy. | 

The inferior vena cava—superior mesen- 
teric vein end-to-side shunt appears to be the 
most feasible type of shunting procedure be- 
cause of its large size, single anastomosis, use 
of normal venous channels, and _ relative 
technical simplicity. Its main disadvantage is 
the necessity for ligation of the inferior vena 
cava. This, in itself, does not appear to be a 
major contraindication in view of the ser- 
iousness of the prognosis in the untreated 
patient and the high mortality, morbidity, 
and failure rates associated with other types 
of shunts or with esophagogastrectomy. Re- 
luctance to ligate and divide the inferior 
vena cava probably stems from the un- 
favorable sequelae frequently encountered 
after this procedure is performed in the 
treatment of thromboembolic disease. How- 
ever, in the management of these unusual 
cases of portal hypertension in which the 
veins of the lower extremities and pelvis are 
healthy, such fears are probably unwar- 
ranted. The reports to date of the relatively 
low morbidity rate encountered when this 
procedure has been carried out appear to 
support this contention. 


SUMMARY AND CONCLUSIONS 


1. An unusual case of portal hypertension 
due to intrahepatic obstruction in the ab- 
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sence of demonstrable cirrhosis and compli- 
cated by obstruction of the portal anc 
splenic veins, with bleeding esophageal vari- 
ces, is presented. 

2. The use of the end-to-side inferior vena 
cava-superior mesenteric vein shunt for the 
definitive control of the recurrent bleeding 
esophageal varices after splenectomy is de- 
scribed. 

3. The employment of a short route 
through a tunnel between the duodenum 
and the pancreas for passage of a short vena 
cava is presented as a modification of the 
procedure. 

4. The indications for, and relative merits 
of, the end-to-side vena cava—superior mes- 
enteric vein shunt over other procedures in 
the surgeon’s armamentarium for therapy of 
portal hypertension are described and dis- 
cussed. 
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“Fore and aft” split pancreaticojeyunostomy 


for chronic pancreatitis 


he etiology, and therefore the rational 
therapy, of chronic pancreatitis re- 
mained an enigma to most surgeons in spite 
of the many fine papers which have cham- 
pioned particular ideas on the subject. The 
variety of surgical procedures available, each 
purporting to offer the best chance of cure, 
testifies to our lack of knowledge concern- 
ing the true pathophysiologic nature of this 
perplexing disease. Experimental procedures 
designed to demonstrate the etiology have 
not produced the uniform results necessary 
to outline clearly the mechanisms involved. 
The implication of different mechanisms 
suggests that variable factors operating at 
different times and in different sites may 
be the logical cause of this confusing picture. 
Obstruction of the main pancreatic duct 
alone will not produce the disease unless 
associated with an actively secreting gland,” 
1,24 and even in some of these cases, only 
atrophy and mild histologic evidence of in- 
flammation occur.’* Retrojection of bile 
into the pancreatic duct alone will not pro- 
duce the disease unless the character of the 
bile is drastically changed or it is under such 
pressure that the pancreatic acini are rup- 
tured. * © Difficulty has arisen in explaining 
the rise in biliary-tract pressure necessary to 
produce retrojection of bile into the main 
pancreatic duct under enough force to cause 
rupture of the acini.'' Cases of pancreatitis 
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without the presence of a common channel 
cannot be explained by this theory; in addi- 
tion, the existence of the safety-valve action 
of the duct of Santorini is difficult to ignore 
if obstruction at the sphincter alone repre- 
sents the primary etiologic condition. 
Ischemia of the gland‘: *® and tryptic ac- 
tivity’ ** * are 2 other factors which have 
been investigated experimentally and which 
may be involved in the pathophysiology of 
this disease; however, little clinical evidence 
is at present available to implicate these 
factors. Large doses of d, l-ethionine have 
produced pancreatitis in the experimental 
animal,'* but once again the clinical signifi- 
cance of this is undemonstrated, although 
obstruction of enzyme output at the cellular 
membrane level has been implicated.’* 
Several factors have become clearly estab- 
lished. Obstruction to the main pancreatic 
ducts occurs sometime during the course of 
the disease.* ** ** Whether this is present as 
the primary mechanism or is secondary to 
the pathologic changes in the gland is un- 
clear at the present time. Evidence for 
sphincter spasm has been adequately pre- 
sented in the past and proximal obstruction 
of the duct with or without retrojection of 
bile is a natural consequence of this. Patho- 
logic studies as well as studies of operative 
pancreaticograms have confirmed the pres- 
ence of ductal obstruction in a large number 
of cases. Obstruction of the ducts with prox- 
imal dilatation is the mechanism of pain, at 
least in chronic pancreatitis when pathologic 


sections have shown marked fibrosis of the 
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gland and little active inflammation. Ob- 
struction may occur not only in the head, 
but also in the body and tail**; or there may 
be multiple sites of obstruction, each capable 
of producing inadequate drainage from the 
particular area of the gland involved.* * 
Surgical therapy directed at drainage of the 
tail of the pancreas alone may not alleviate 
obstruction in the head or body of the gland. 
Similarly, sphincterotomy alone may only 
aid drainage from a small portion of the 
head if obstruction is present in the neck of 
the gland. 

These factors point to the need for in- 
vestigative study at the time of operation to 
determine the site or sites of obstruction. 
Finally, a combined approach to produce a 
completely open pancreatic drainage system 
throughout its length and including the 
sphincter, a so-called “fore and aft” proce- 
dure, seems to be a rational approach to 
this problem with our present state of knowl- 
edge. 


OPERATIVE PROCEDURE" 


A routine exploration of the peritoneal 
cavity was carried out as the first step. 
With the confirmation of the clinical diag- 
nosis of a chronic pancreatitis at operation, 
the next step was a routine cholecystectomy 
and performance of an operative cholangio- 
gram through the cystic duct remnant in an 
attempt to outline both the biliary tree and 
the pancreatic ducts, if possible. Changes 
noted in the biliary tree were recorded, and 
if stones were present, common duct ex- 
ploration was carried out. A transduodenal 
sphincterotomy was then performed, and a 
pancreaticogram is attempted via a poly- 
ethylene catheter placed in the pancreatic 
duct. If obstruction to the passage of dye 
was demonstrated, a splenectomy was car- 
ried out and the tail of the gland then 
amputated. The duct in the area of the tail 
was intubated with a fine polyethylene cath- 
eter and an anterograde pancreaticogram 
accomplished. The pancreaticograms usually 
delineated the ductal pathologic process in- 
volved. The pancreatic duct was split and 
laid open as far medially as practicable 


619 


Pancreaticojejunostomy 


(Fig. 1). A Roux Y loop of jejunum was 
brought over the tail of the pancreas as a 
sheath and sutured in 2 layers to the pan- 
creatic capsule. A catheter was left in place 
in the common bile duct, and Morison’s 
pouch drained. The operation was then ter- 
minated. The common duct catheter was 
left in place for 2 to 4 weeks postoperatively 
but otherwise the postoperative care was 
routine. 

The case reports of 2 patients illustrate 
some of the problems involved in the man- 
agement of this disease. 


CASE REPORTS 


Case 1. J. P., 37-year-old white male major and 
command pilot, was admitted to the USAF Hos- 
pital Travis on May 4, 1959, for evaluation of 


Fig. 1. A, Appearance of pancreatic ducts, as seen 
in some pancreaticograms. Note the alternate dila- 
tations and stenoses that are commonly present. 
B, Pancreatic duct which is split open to show 
alternate stenotic and dilated areas. Catarrhal in- 
flammation is frequently found at the stenotic 
narrowing, and calcification may be present at 
these spots. C, Anterior view of pancreaticojeju- 
nostomy with jejunum sutured to the right of the 
opened pancreas. Roux Y enteroanastomosis has 
been performed below the mesocolon. D, Posterior 
view of pancreaticojejunostomy with jejunum 
sutured to the peripancreatic tissue to the left of 
the superior mesenteric vessels. (From Puestow, 
C. B., and Gillesby, W. J.: Retrograde surgical 
drainage for chronic relapsing pancreatitis, A. M. 
A. Arch. Surg. 76: 898, 1958.) 
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Fig. 2. Case 1. Note diffuse calcification in area of 
pancreas. 


Fig. 3. Case 1. Operative cholangiogram. Note 
narrowing of intrapancreatic portion of common 
bile duct with proximal dilatation. 


severe recurrent abdominal pain. His first hos- 
pitalization for acute pancreatitis in August, 1956, 
had followed consumption of a large quantity of 
alcohol at a party. His high alcoholic intake had 
remainec undiminished during the subsequent 2 
years while the patient continued to have inter- 
mittent abdominal pain, nausea, and vomiting 
which lasted for 2 to 3 days and recurred at 3 
month intervals. He was again hospitalized in Jan- 
uary, 1958, and treated conservatively, but the at- 
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tacks became more frequent. In November, 195i), 
he was placed on a strict medical regimen, but his 
attacks continued unabated at weekly intervals. At 
the time of admission the patient weighed 125 
pounds, had lost 30 pounds in the preceding 6 
months, and was suffering from almost constant 
epigastric and back pain, nausea, and vomiting. 
He had occasional diarrhea of bulky stools which 
floated. 

Physical examination showed him to be a thin, 
underweight, young man with abdominal and back 
pain. The thyroid gland was palpable, but the re- 
mainder of the physical examination was unre- 
markable. 

The white blood cell count was 11,500 with a 
normal differential Hemoglobin was 15.1 Gm. 
per cent and erythrocyte sedimentation rate 7 
mm. Results of urinalysis were within normal 
limits. Prothrombin time was 100 per cent of 
normal. Blood calcium was 10.2 mg. per cent and 
serum carotene was 40 mcg. per 100 mg. Results 
of a glucose tolerance test were normal. Serum 
amylase was 266 Somogyi units. 

Roentgenograms of the abdomen showed diffuse 
calcifications outlining the entire pancreas. A 
gall-bladder series was negative except for the cal- 
cifications mentioned (Fig. 2). Gastrointestinal 
series and chest roentgenograms were unremark- 
able. 

On Aug. 13, 1959, an exploratory laparotomy 
was performed. The entire pancreas was extremely 
firm, almost stony in texture. The biliary tract 
was grossly within normal limits. A cholecystec- 
tomy was performed and a cholangiogram per- 
formed through the cystic duct remnant showed 
narrowing of the intrapancreatic portion of the 
common bile duct and proximal dilatation (Fig. 
3). transduodenal sphincterotomy was _ per- 
formed, and a polyethylene catheter was threaded 
into the pancreatic duct. A calcareous obstruction 
was met 2 cm. proximal to the sphincter. Ampu- 
tation of the tail of the pancreas was performed 
after a splenectomy, a polyethylene catheter was 
threaded into the main duct, and a pancreatico- 
gram was accomplished. These roentgenograms 
showed obstruction in the head of the gland with 
proximal dilatation of the main duct of Wirsung 
and secondary ducts (Fig. 4). A split pancreatico- 
jejunostomy was carried out. 

The patient’s postoperative course was unevent- 
ful, and he was discharged on Sept. 23, 1959, to 
full active duty. 

The patient was re-examined in April, 1960, at 
which time he reported that he was completely 
free of abdominal pain, nausea, and vomiting. His 
weight was 141 pounds, a gain of 16 pounds, and 
he was having normal bowel movements which 
were no longer bulky or floated. He was perform- 
ing full duty and had in fact been returned to 
flying status. Results of a gastrointestinal series 
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and glucose tolerance test were normal and stool 
specimens stained for fat were negative. 

Re-examination of the patient in July, 1961, 
approximately 2 years postoperatively, showed 
that he had remained completely asymptomatic, 
without the loss of any time from duty. His 
weight was 147 pounds, a total gain of 23 pounds. 

Case 2. K. G., a 43-year-old white male master 
sergeant, was admitted to the USAF Hospital 
Travis on July 20, 1959, for evaluation of recur- 
rent abdominal pain. The patient habitually im- 
bibed large quantities of alcoholic beverages and 
had suffered recurrent epigastric pain radiating 
straight through to his back for 6 years prior to 
admission. He had experienced 3 hospitalizations 
during the year prior to admission, and had suf- 
fered a 25 pound weight loss. 


Physical examination showed him to be a thin, | 


chronically ill white man, weighing 103 pounds, 
with marked tenderness to palpation over the mid- 
epigastrium. No masses were palpable. The re- 
mainder of the physical examination was unre- 
markable. 

White blood cell count was 8,700 with a normal 
differential. Hemoglobin was 12.6 Gm. per cent. 
Results of studies of the liver function and glucose 
tolerance tests were within normal limits. Results 
of 3 serum amylase determinations performed 
within the first 4 days of hospitalization were 229, 
320, and 400 Somogyi units, respectively. 

An intravenous pyelogram, gall-bladder series, 
and a gastrointestinal series were unremarkable 
except for a slight widening of the duodenal loop 
and calcifications in the area of the pancreas. 

On Aug. 18, 1959, an exploratory laparotomy 
was performed. A firm, indurated pancreas was 


Vig. 4. Case 1. Pancreaticogram taken via tail of 
gland. Note obstruction in head of gland with 
poximal dilatation and tortuosity of ductal system. 
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noted with areas of calcification. The biliary tree 
was essentially normal. Cholecystectomy was per- 


formed and a cholangiogram accomplished 


through the cystic duct remnant showed slight 
narrowing of the intrapancreatic portion of the 
common bile duct (Fig. 5). A transduodenal 
sphincterotomy was carried out and a polyethylene 
catheter threaded into the pancreatic duct met 
obstruction 3 cm. proximal to the sphincter (Fig. 
6). Splenectomy was performed, the tail of the 
pancreas was amputated, a polyethylene catheter 
was threaded anterograde through the main pan- 
creatic duct, and a pancreaticogram was taken. 
These films demonstrated a dilatation of the main 
duct and complete obstruction in the head of the 
gland (Fig. 7). A split pancreaticojejunostomy 
was subsequently performed. A catheter was left 
in the common bile duct and the operation was 
terminated. 

The patient’s postoperative course was compli- 
cated by an intestinal obstruction, and on Aug. 
24, 1959, a re-exploration showed an adhesive 
band obstructing a segment of ileum. The obstruc- 
tion was relieved and the abdomen closed. Con- 
valescence was further complicated by a wound 
infection which required drainage with delayed 
healing. The patient was discharged to full duty 
on Dec. 17, 1959. 

Re-examination of the patient in April, 1960, 
showed that his abdominal pain was greatly di- 
minished, occurring once every 3 to 4 weeks and 
lasting for a half day. The back pain had been 
completely relieved. The patient weighed 117 
pounds, a gain of 14 pounds, and was able to 
perform full active duty. A gastrointestinal series 
showed a decrease in the amount of calcification 


Fig. 5. Case 2. Operative cholangiogram. Note 
narrowing of intrapancreatic portion of common 
bile duct with proximal dilatation. 
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Fig. 6. Case 2. Operative pancreaticogram taken 
via sphincter which shows obstruction to passage 
of dye 3 cm. proximal to sphincter. 


Fig. 7. Case 2. Operative pancreaticogram via 
tail of gland which shows narrowing at sphincter 
with proximal dilatation of major and minor ducts. 


of the pancreas, and results of a glucose tolerance 
test were normal. The patient’s stools were of 
normal caliber and’ consistency and were negative 
on stain for fecal fat. 

In January, 1961, the patient was hospitalized 
because of jaundice, which followed an acute 
episode of pancreatitis. Exploratory laparotomy 
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in February, 1961, showed that the head of the 
pancreas was enlarged to the size of an orange 
and was stony hard in consistency. However, the 
body and tail of the pancreas were essentially 
normal. It was considered inadvisable to attempt 
a choledochoduodenostomy because of technica! 
difficulties and the operation was terminated. 
After recovery from the operation, the patient 
continued to experience attacks of moderate ab- 
dominal discomfort, which occurred once every 
10 days to 2 weeks, and lasted several hours. The 
performance of celiac block with 1 per cent 
Xylocaine during an acute attack produced com- 
plete relief of pain. When these results were con- 
sistently reproduced by Xylocaine injection and 
injection of a saline solution failed to mitigate the 
pain, 7 per cent phenol was injected into the 
celiac plexus with excellent results. For the re- 
mainder of a 4-week hospital stay, the patient 
did not experience another acute exacerbation of 
pain. However, after his discharge from the hos- 
pital, the patient continued to experience recur- 
ring abdominal discomfort at intervals of 10 days 
to 2 weeks, which required the administration 
of analgesics for relief. It is of interest, however, 
that his stools continued to be of normal character, 
and that they failed to show any evidence of 
pancreatic insufficiency. 


DISCUSSION 


Although the follow-up in the 2 cases 
reported is short, they represent fairly sat- 
isfactory results to us inasmuch as both pa- 
tients, debilitated and completely incapaci- 
tated at the time we first saw them, are now 
returned to full active duty with the Air 
Force. 

Split pancreaticojejunostomy has been 
performed successfully by Puestow’® with 
excellent results, and sphincterotomy has 
been reintroduced and performed in a large 
number of cases by Doubilet and Mulhol- 
land.? However, as far as we know, this is 
the first time both methods have been uti- 
lized together as a planned attack on this 
disease. The rationale is based upon the 
observed incidence of multiple sites of ob- 
struction in the pancreatic duct as well as 
localized obstructions in various other parts 
of the gland. Although obstruction may not 
be the primary etiologic agent of this dis- 
ease, evidence is available that it is of con- 
siderable importance in the perpetuation of 
the disease process, and probably for the 
clinical sign of abdominal pain. A review of 
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the sections from our patients (Figs. 8 and 
9) illustrates the basis for this concept. In 
the chronic form of the disease inflamma- 
‘tion is not prominent and almost complete 
fibrosis of the gland may occur. These pa- 
tients, however, complain of constant ab- 
dominal and back pain which is related, in 
our opinion, to the finding in pathologic 
specimens of ductal dilatation. 

The earliest surgical attempts at treat- 
ment were designed to promote more ef- 
ficient drainage,'* and recent surgical at- 
tempts have continued this trend. Experi- 
mental work in dogs has shown regenera- 
tion of pancreatic tissue with adequate 
drainage.* 


Fig. 8. Case 1. Pathologic section. Note marked 
ductal dilatation and lack of inflammatory re- 
sponse. (x35; reduced *%%.) 


Fig. 9. Case 2. Pathologic section. Note almost 
complete fibrosis, lack of inflammatory response, 
and ductal dilatation. (x35; reduced %.) 
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Sphincterotomy alone has not produced 
the anticipated results in the hands of sev- 
eral investigators” *° However, some of 
the successful results after the operation cer- 
tainly indicate that sphincter spasm plays a 
part in the disease in some patients. The 
rate of recurrence after most drainage pro- 
cedures may be explained by the coexistence 
of several factors, or by the fact that not all 
the involved areas of the gland are success- 
fully drained. Success with caudal pan- 
creaticojejunostomy is understandable on the 
basis of a careful selection of patients.* *° 
When obstruction is demonstrated solely in 
the head of the gland and no proximal ob- 
struction exists, caudal drainage may be suc- 
cessful. Marked dilatation of the pancreatic 
duct facilitates the mucosa-to-mucosa anas- 
tomosis and probably accounts for the con- 
tinued drainage of the anastomosed gland. 
Often at operation, however, one can feel 
nodules in the fibrotic head of the gland 
which are indicative of disease for which 
drainage by this procedure is ineffective, 
since it exists distal to the area of obstruc- 
tion. Sphincterotomy alone would not pro- 
vide adequate drainage to the area of gland 
proximal to the obstruction. The problem 
of what to do for patients whose condition 
does not fulfill the criteria set down for per- 
formance of a caudal pancreaticojejunos- 
tomy must also be answered by the respon- 
sible surgeon. The operation that we have 
outlined would satisfy most of the objec- 
tions. Regeneration of pancreatic tissue oc- 
curs, and there are 2 factors which would 
guide surgical therapy for this disease,’ 
(1) adequate drainage of the pancreatic 
ductal system, and (2) the leaving of ade- 
quate pancreatic tissue to fulfill its secretory 
function satisfactorily. The operation out- 
lined fulfills both criteria. 


SUMMARY 


1. Obstruction of the pancreatic ductal 
system plays an important part in the patho- 
physiology and symptomatology of chronic 
pancreatitis. 

2. An operation has been outlined which 
presents a planned attack for the produc- 
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tion of complete drainage of the pancreatic 
ductal system. 


3. Two case reports are presented which 


illustrate clinical manifestations of the dis- 
ease and the surgical results of the operative 
procedure. 


rh 
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Ithough a great variety of tumors 
take origin from the salivary glands, they 
are seen clinically with relative infrequency. 
Only a few studies have been published 
which have been based on a sufficiently 
large number of cases to permit an estimate 
of the clinical course, the ultimate outcome, 
and the best form of therapy in the man- 
agement of patients with these tumors. The 
intimate relationship of the facial nerve to 
the parotid gland, by far the most common 
site of salivary neoplasms, disposes the sur- 
geon to be very conservative and all too 
frequently leads to incomplete excision of 
the tumor and subsequent recurrence. 

This review concerns 142 benign tumors 
of the major salivary glands observed and 
treated at the University of Minnesota Hos- 
pitals from 1932 through 1956. Particular 
emphasis will be placed upon the results of 
superficial lobectomy and of total parotid- 
ectomy with preservation of the facial nerve 
in the treatment of parotid tumors. Since 
the introduction of the latter operative tech- 
nique in this hospital in 1946 by State,* 
sufficient time has elapsed to permit an 
evaluation of this procedure and to compare 
its effectiveness to that of procedures in 
use prior to 1946. 


MATERIAL AND METHODS 


The hospital records of all patients treated 
at the University of Minnesota Hospitals 
‘or tumors of the major salivary glands 
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during the time interval stated were care- 
fully studied. Follow-up data were obtained 
by examination of the clinical record of 
periodic examinations of the patients at the 
Tumor Clinic and by correspondence. 
Histologic sections from every tumor were 
reviewed and additional blocks were cut 
when necessary for diagnostic clarification. 
Special staining techniques other than the 
hematoxylin and eosin method were used 
in some of the tumors. Table I represents a 
histologic classification of these neoplasms 
and their distribution within the major 
salivary glands. During the time interval 
covered in this study, 69 malignant tumors 
of the major salivary glands were encoun- 
tered which are not included in this report. 


MIXED TUMORS 


The mixed tumors or pleomorphic ade- 
nomas (117 cases) constituted 55.4 per cent 
of all the salivary gland tumors seen and 
82.3 per cent of the benign tumors. 

Age, sex, and location. Mixed tumors 
were more common in the female. In this 
series, 72 tumors occurred in females and 
45 in males. The ages of the patients ranged 
from 9 to 80 years on admission, with 7 
patients being less than 16 years old (Fig. 
1). The average age of the patient at the 
time the tumor was first noticed was 40.1 
years. The site of the tumor was the parotid 
gland in 101 cases and the submaxillary 
gland in 16 instances. The tumors were 
equally distributed between the right and 
left sides. 
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Table I. Histologic classification of 142 
benign tumors of the major salivary glands 
observed at the University of Minnesota 


Hospitals (1932 to 1956) 


Total 

Tumor type Parotid illary No. | % 
Mixed tumor 101 16 117 82.3 
Papillary 

cystadenoma 

lympho- 

matosum 11 - 11 7.7 
Hemangioma 7 ~- 7 4.9 
Benign lympho- 

epithelial 

lesion 4 + 2.8 
Lipoma 1 - 1 0.7 
Neurofibroma 1 - 1 0.7 
Granular-cell 

myoblastoma = 1 1 0.7 

Totals 125 17 142 


Duration of symptoms. In 98 of the 117 
patients the duration of the tumor could be 
ascertained fairly accurately. The interval 
from onset of symptoms to the time of ad- 
mission varied from 3 weeks to 70 (?) years, 
with an average of 5.9 years. Although the 
duration of symptoms varied over such a 
wide range, 53 per cent of the patients had 
noted the tumor for 3 years or less and 70 
per cent of the patients were treated within 
5 years after onset of symptoms. 

Signs and symptoms. The most common 
complaint was of a slowly growing, non- 
tender, palpable mass. Occasionally the 
tumor seemed to grow in spurts, followed 
by periods of quiescence. A few patients 
complained of numbness over the area of 
the tumor, although severe pain was not 
reported by any of the patients. In 2 pa- 
tients with mixed tumors of the parotid 
gland, a mild facial paralysis was present 
prior to institution of any therapy. In both 
of these patients the tumor was over 6 cm. 
in diameter and located deep to the facial 
nerve. 

On physical examination the tumor usu- 
ally was found to be a rather firm, occa- 
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sionally hard, smooth mass. Preoperative 
estimation of the size of the tumor, par- 
ticularly the ones more deeply located, was 
rarely accurate. The great majority of the 
tumors for which the location was described 
in sufficient detail were located within the 
superficial lobe of the parotid gland. 

Gross and microscopic pathologic findings. 
Grossly the tumors varied in size from 5 
mm. to 11 cm., with most of them measur- 
ing from 2 to 6 cm. in diameter. They 
frequently appeared lobulated and invested 
with a capsule, which usually was quite thin 
and delicate and in many instances incom- 
plete. The capsule appeared to consist of 
connective tissue remnants of compressed 
salivary gland tissue and in some of the 
very small tumors was entirely absent. Ex- 
cept for occasional secondary cyst forma- 
tion, the tumors were solid and on section 
presented a moist and glistening surface of 
a gray-white color. All of the primary tumors 
were solitary, whereas the recurrent tumors 
nearly always were multiple. 

The microscopic appearance of benign 
mixed tumors of the salivary glands has 
been the subject of several excellent reports 
and will be discussed only briefly. A wide 
range of histologic patterns was encountered, 
not only within this group but also within 
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Fig. 1. Incidence of benign mixed tumors in 
various age groups (117 patients). 
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an individual tumor. Even though myxoid, 
chondromyxoid, and chondromatous patterns 
predominated, a few tumors were made up 
almost entirely of epithelial cells. In others 
the epithelial cells proliferated in interlac- 
ing strands and trabeculae, at times forming 
distinct tubular structures. Squamous meta- 
plasia was not infrequent. Various degrees 
of hyalinization were present in many tumors 
and an occasional tumor contained areas 
of calcification. Formation of true cartilage 
and bone was not observed in this group. 
In several tumors epithelial nests and duct- 
like structures composed of large, deeply 
eosinophilic cells similar to those seen in 
papillary cystadenoma lymphomatosum were 
seen. 

Two patients in the present group had 
recurrent mixed tumors that invaded the 
surrounding tissues, including the bone of 
the skull and the mandible, and therefore 
could not be completely removed. In both 
of these instances the histologic appearance 
of the removed tumor tissue did not differ 
from that. seen in the other cases. Both pa- 
tients ultimately died from extensive local 
disease. Since the term “mixed tumor” 
seems unlikely to be discarded, it would 
be well for the sake of clarity to reserve it 
for the pleomorphic adenomas of the sal- 
ivary glands, keeping in mind that occa- 
sionally they may exhibit a more aggressive 
behavior and that in rare reported instances 
they have even given rise to metastases 
without histologic evidence of frank carci- 
nomatous change.” The somewhat unfortun- 
ate term “malignant mixed tumor” has al- 
ready been used to designate tumors which 
have the structural features of both mixed 
tumor and frank carcinoma. We have pre- 
ferred to classify these as adenocarcinomas. 

Result of treatment of mixed tumors. Of 
the 117 patients with mixed tumors, 113 
have been followed for from 3 to 28 years. 
Two patients have been lost to follow-up 
and 2 patients have died from unrelated 
causes within 2 years after treatment. The 
results of treatment in the remaining pa- 
tients are summarized in Table II. Each 
sroup will be discussed separately. 
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NOTE 8! 25% of oll recurrences 
Oppeored within yeors 


NO. OF RECURRENCES 


TIME IN YEARS 


Fig. 2. Interval between operation and recurrence 
of mixed tumors (32 recurrences in 22 patients). 


Group I. Primary mixed tumors of the 
parotid gland treated by excision or enuclea- 
tion. Of 50 patients in this group, 48 have 
had a follow-up period of at least 3 years. 
Forty-four patients have been followed for 
more than 5 years and 29 of these have 
been followed for at least 10 years, with 10 
patients having a follow-up period of over 
20 years. Follow-up for the entire group 
averaged 14.3 years. Although the operative 
technique varied somewhat from patient to 
patient because the operations were per- 
formed by various members of the surgical 
staff, in all cases a direct attack upon the 
tumor only was made after exposure of the 
parotid gland. The operations were de- 
scribed as simple excision or enucleation, 
and in an occasional case the tumor was 
removed in piecemeal fashion. In addition 
to surgical removal, radiation therapy was 
employed for 15 patients. This consisted of 
deep roentgen therapy of from 1,500 to 
4,500 r in 13 patients, 4 of whom also re- 
ceived implantation of radon seeds at the 
time of operation. Two other patients were 
treated with radium needles postoperatively. 

In 5 of these 48 patients the tumor sub- 
sequently recurred. Two of the recurrences 
were treated by total parotidectomy and the 
other 3 by simple excision. All 5 patients 
have been free of tumor now for more than 
5 years. 

That spillage of tumor may be responsible 
for the recurrences is suggested by the fact 
that in 4 of the 5 patients with recurrence, 
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Table II. Result of treatment of 113 mixed tumors of the major salivary glands 


Type and treatment | No. | Recurrences | % | Follow-up (yr.) 
Group I. Primary tumor of parotid gland treated 48 5 10 14.3 
by excision and enucleation ; (3 - 28) 
Group II. Primary tumor of parotid gland 29 0 0 8.5 
treated by lobectomy or total parotidectomy (3-15) 
Group III. Recurrent tumor of parotid gland 21 5 and 1* 29 11.3 excision 
treated by excision or total parotidectomy (3-27) 
7.2 parotidectomy 
(4-11) 
Group IV. Mixed tumor of submaxillary gland 15 = 7 13.0 
(3 - 26) 


*Clinically malignant, but histologically benign tumor. 


the tumor had been broken into at the 
time of operation. However, spillage was 
also reported in 11 other patients without 
subsequent recurrence. 

From these few cases it does not appear 
that radiation therapy offers a significant 
protection against recurrence. Two of the 
patients with recurrence had received a full 
course of radiation therapy at the time of 
the initial operation. 

Group II. Primary mixed tumors of the 
parotid gland treated by superficial lobec- 
tomy or total parotidectomy with preserva- 
tion of the facial nerve. Of 30 patients in 
this group, 16 were treated by superficial 
lobectomy and 14 by total parotidectomy. 
One patient died from unrelated causes 2 
years after operation. The remaining pa- 
tients have been followed for from 3 to 15 
years, with an average follow-up of 8.5 
years. Twenty-three patients have been fol- 
lowed for more than 5 years. 

In addition to parotidectomy, 3 patients 
underwent a full course of radiation therapy 
for spillage of tumor in one, biopsy of the 
tumor 2 days prior to definitive operation 
in another, and the false impression that 
the tumor was an adenoid cystic carcinoma 
in the third. 

There has not been a single recurrence 
in patients with primary mixed tumor of the 
parotid gland treated by superficial lobec- 
tomy or total parotidectomy as described 
by State. 

Group III. Recurrent mixed tumors of 


the parotid gland treated by excision or 
total parotidectomy. This group consists of 
21 patients who had 36 recurrences prior 
to treatment at the University of Minne- 
sota Hospitals. An attempt was made to 
determine as accurately as possible the ex- 
act interval between operation and the time 
the recurrence made its first appearance as 
noted by the patient. Including the 5 pa- 
tients in whom tumor recurred after treat- 
ment in this institution, this interval could 
be ascertained in 22 patients with a total of 
32 recurrences (Fig. 2). Although in 1 pa- 
tient the tumor did not recur until 15 years 
had elapsed, it is important to note that 
approximately 81 per cent of the recur- 
rences were evident within 3 years and 9+ 
per cent within 5 years after operation. 

Of the 21 patients with recurrent tu- 
mors, 11 were treated by simple excision 
and 10 were treated by total parotidectomy. 
Nine of the patients had been treated at 
one time with radiation therapy elsewhere 
before admission. 

Of the 11 patients treated by simple ex- 
cision, 3 had a subsequent recurrence 2, 3, 
and 4 years after operation, respectively. 
One of these 3 patients was treated by re- 
excision and has been well for 26 years. 
Another was subsequently treated by total 
parotidectomy and has been free of recur- 
rence for 9 years. The 8 remaining patients 
have been followed without further recur- 
rence for an average of 11.3 years. 

Total parotidectomy for recurrent mixed 
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tumor of the parotid gland in 10 patients 
was also followed by further recurrence in 
3. Two of these 3 recurrences were located 
in the operative scar and recurred again 
after local excision. Since re-excision 1 pa- 
tient has been followed for 4 years and the 
other for only 1 year. The third patient, in 
whom the tumor had been excised twice 
previously, had a hard, fixed tumor mass 
which had infiltrated deeply into the retro- 
mandibular space and into the skull. Despite 
a total radical parotidectomy the tumor 
could be only incompletely removed. Im- 
plantation of radon seeds and a course of 
roentgen therapy of 4,500 r failed to in- 
fluence the course of the tumor and the pa- 
tient died 8 months after operation from 
extensive local disease. The remaining 7 
patients have been free of recurrence for 
an average of 7.2 years. 

Group IV. Mixed tumor of the submax- 
illary gland. In this group of 16 patients, 4 
had been treated initially elsewhere and had 
recurrent tumors when first seen at the 
University of Minnesota Hospitals. Each of 
the 16 patients was treated by complete ex- 
cision of the submaxillary gland and in 2 
patients an en bloc removal of the contents 
of the submaxillary triangle was also per- 
formed. 

One patient died from an associated car- 
cinoma of the lower lip 1 year after op- 
eration. In 1 patient, wide excision of a 
twice recurrent mixed tumor was followed 
by a recurrence which invaded the man- 
dible and produced a pathologic fracture 
of the mandible. The patient refused fur- 
ther treatment and died 14 months later 
from extensive local spread. The remain- 
ing 14 patients have been followed for an 
average of 13 years without further re- 
currence. 

Incidence of facial paralysis. Of 101 pa- 
tients with mixed tumors of the parotid 
gland 31 sustained some loss of function of 
the facial nerve after operation (Table 
(II). 

In 25 of these patients the facial paralysis 
was partial. In the majority the resultant 
facial weakness was mild and usually in- 
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volved the cervical or buccal division of 
the facial nerve. Probably because of the 
remarkable capacity of the facial nerve to 
regenerate and the existence of abundant 
anastomoses between its peripheral branches, 
most of the patients regained considerable 
control over the facial musculature within 
2 years postoperatively. In none of the pa- 
tients was it necessary to employ a plastic 
reconstruction or a nerve graft for the re- 
pair of the facial nerve. 

In 6 patients the facial nerve was com- 
pletely severed. In only 2 of them was the 
nerve unintentionally divided. One instance 
occurred during the course of an excision 
of a mixed tumor and in the other the nerve 
was cut during a superficial lobectomy. In 
both patients primary anastomosis of the 
severed nerve was rewarded with good re- 
turn of function within 1 year. In 4 pa- 
tients the facial nerve was intentionally 
sacrificed during the course of an operation 
for what was thought to be a malignant 
tumor of the parotid gland. 

One patient developed a_ postoperative 
salivary fistula which closed shortly after 


Table HI. Incidence of facial nerve injury in 
101 patients treated for mixed tumor of the 
parotid gland 


Facial nerve 
injury 
Par- | Com- 
Treatment No. tial | plete 
Group I. Primary tumor 
treated by excision or 
enucleation 50 10 2 
Group II. Primary tumor 
treated by superficial 
lobectomy or total 
parotidectomy 30 4 2 
Group III. Recurrent 
tumor 21 
Previous injury 1 - 
Treated by excision 11 3 - 
Treated by total 
parotidectomy 10 4 2 
Totals 101 25 6* 


*In.4 of the 6 patients the facial nerve was intentionally 
sacrificed during the course of operation for what was 
thought to be a malignant tumor of the parotid gland. 
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1,500 r of roentgen therapy. ‘Two patients 
developed gustatory sweating after opera- 
tion over the area of the parotid gland. 


PAPILLARY CYSTADENOMA 
LYMPHOMATOSUM 
(WARTHIN’S TUMOR) 


The symptoms in patients with papillary 
cystadenoma lymphomatosum are very simi- 
lar to those in patients with mixed tumors. 
However, there are some minor differences. 
Warthin’s tumor occurs predominantly in 
males and in an older age group and oc- 
casionally is bilateral. No well-documented 
cases of this tumor occurring in the sub- 
maxillary or sublingual glands have been 
reported.°® 

Of 11 patients in this group, 8 were 
males and 3 were females. Their ages 
ranged from 44 to 71 years, with an aver- 
age of 61 years. The longest duration of 
symptoms was 4 years and in 7 patients the 
tumor had been noticed for less than | 
year. In 2 patients the tumor was bilateral. 

The usual complaint was of a_ slowly 
growing, nontender mass. On palpation the 
tumor was movable and ranged in con- 
sistency from firm to soft; at times it felt 
fluctuant. 

Pathology. Grossly the tumors were round 
or ovoid in shape, had a smooth surface, 
and rarely exceeded 4 cm. in diameter. The 
tumors were encapsulated and on cut sec- 
tion appeared as a partly cystic mass con- 
taining a stringy mucoid material, charac- 
teristically with a brownish tinge. 

Microscopically the tumors were made up 
of flattened glands and slender papillary 
projections formed by tall columnar epithe- 
lial cells with granular acidophilic cyto- 
plasm, in a prominent lymphoid stroma with 
many germinal centers. 

Treatment. Seven patients were treated 
by simple excision of the tumor. A subse- 
quent recurrence appeared in only 1 patient, 
in whom spillage of the tumor had occurred 
at the time of operation. In 1 patient the 
tumor was incidentally discovered during 
the course of a radical neck dissection for a 
malignant melanoma of the neck from 
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which he died 6 weeks after operation. 
Three patients were treated by superficia! 
lobectomy. One patient died 1 year after 
operation in a car accident. The remaining 
8 patients have been followed for from 5 
to 10 years with an average follow-up of & 
years without recurrence. 


HEMANGIOMAS 


Hemangiomas of the salivary glands are 
not very common and usually occur in chil- 
dren. Five of 7 hemangiomas treated at the 
University of Minnesota Hospitals oc- 
curred in children under 5 years of age. 
Three of these patients were less than | 
year old. In 1 child the lesion had been 
present since birth and represented only | 
part of an hemangiomatous lesion involving 
the lower half of the ear and the cutaneous 
area over the parotid gland and the man- 
dible. Beneath this skin lesion a discrete, 
spongy 4.5 cm. mass could be felt. In the 
other 6 patients the outstanding complaint 
was a palpable tumor with no visible char- 
acteristics of a hemangioma. The tumors 
had been present for from 1 month to 3 
years. Two of the patients were adults, 22 
and 41 years old, respectively. Three of the 
patients were males and 4 of them were 
females. 

Pathology. All 7 hemangiomas were lo- 
cated within the parotid gland and varied 
from 2 to 7 cm. in diameter. Histologically, 
5 were of the cavernous type and 2 of them, 
both in children, were of the capillary vari- 
ety and demonstrated a high degree of 
cellularity. 

Treatment. Five patients were treated by 
simple excision and 1 patient by a super- 
ficial lobectomy. In 1 patient a total parot- 
idectomy was performed for a cavernous 
hemangioma which had diffusely involved 
the entire parotid area. The patients have 
been followed for from 3 to 21 years with 
an average follow-up period of 8.4 years. 
There have been no recurrences since treat- 
ment. Only 1 patient received roentgen 
therapy in 3 doses of 200 r each for a post- 
operative salivary fistula which promptly 
closed. 


2 


Volume 50 
Number 4 


BENIGN LYMPHOEPITHELIAL 
LESION 


The diagnosis of benign lymphoepithelial 
lesion was made in 4 patients, 2 men and 2 
women, ranging in age from 35 to 75 years. 
In each case the disease had a prolonged 
course with symptoms lasting for from 2 to 
10 years before treatment. Two patients com- 
plained of mild pain over the parotid area 
and a painless swelling was the sole symp- 
tom in the other 2 patients. 

Pathology. The disease may involve the 
entire gland diffusely or may present as 
scattered foci or as a localized tumor.* In 
our cases the disease involved the parotid 
gland diffusely in 3 patients and presented 
as a well-circumscribed tumor in 1 patient. 

Histologically the lesions were made up 
of lymphoid tissue through which were scat- 
tered small and large epithelial islands. In 
many instances strands of epithelial cells 
could be traced into ductal structures. In 
1 of the patients a diffusely involved gland 
also contained multiple cysts with contained 
calculi measuring up to | cm. in diameter. 
An almost identical picture was found in 
the opposite parotid gland of the same pa- 
tient several years later. In 3 of our 4 pa- 
tients the process was bilateral and in each 
case the parotid gland was the only site of 
disease. 

Treatment. In 1 patient treatment con- 
sisted only of a biopsy of a diffuse bilateral 
swelling of the parotid gland which persisted 
until the time of his death 4 years later 
from unrelated cause. 

In 1 patient a swelling of the parotid 
gland had been present for 8 years when 
it suddenly began to enlarge very rapidly. 
A total parotidectomy was performed for 
a diffuse process which had infiltrated into 
the masseter muscle and deeply into the 
pterygoid fossa and was believed to be a 
lymphosarcoma. Since postoperative irradia- 
tion with 3,600 r of deep roentgen therapy, 
the patient has been weil for 8 years. Re- 
view of the pathologic specimen showed it 
to be a benign lymphoepithelial lesion. 

In the third patient a well-circumscribed 
tumor of the left parotid gland was removed 
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by total parotidectomy. The patient re- 
turned 8 years later with a tumor of the 
right parotid gland, which after excision 
also proved to be a benign lymphoepithelial 
lesion. The patient has remained well for 4 
years. 

The fourth patient was treated by super- 
ficial lobectomy for a diffuse involvement 
of the left parotid gland and 4 years later 
was treated by the same operation for a 
more localized process on the right side. 

From our own experience and the reports 
in the literature the disease has thus far 
shown a benign course, notwithstanding the 
diffuse infiltration into the surrounding tis- 
sue seen in 1 of our patients. Because of 
the presence of a tumor which is usually 
indistinguishable clinically from other tu- 
mors of the parotid gland, most patients are 
treated surgically. Irradiation has given 
good results for others. At present too few 
cases have been reported for one to judge 
which form of treatment is more satisfac- 
tory. 


OTHER BENIGN TUMORS OF THE 
MAJOR SALIVARY GLANDS 


Lipoma. One patient with a lipoma in 
the left parotid gland was treated by super- 
ficial lobectomy at the age of 22. 

Neurofibroma. A 49-year-old man was 
treated by superficial lobectomy for a 5 cm. 
neurofibroma in the left parotid gland. The 
patient has been well for 16 years. 

Granular-cell myoblastoma. A 48-year- 
old man was treated by wide excision of 
the right submaxillary gland for a granular- 
cell myoblastoma which apparently origi- 
nated in or near the gland and had infil- 
trated the myohyoid and stylohyoid muscles. 
It had been excised 3 times previously. The 
patient has been well and without recur- 
rence for 7 years. 


DISCUSSION 


It appears from this study that super- 
ficial lobectomy and total parotidectomy 
with preservation of the facial nerve are 
well suited for the management of benign 
tumors of the parotid gland. In patients 
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with primary mixed tumors of the parotid 
eland treated by this method and observed 
for from 3 to 15 years, not a single recur- 
rence has been noted. This is in contrast to 
a 10 per cent recurrence rate in this in- 
stitution prior to the introduction of this 
operation. Reports in the literature indicate 
an even higher recurrence rate after simple 
excision of mixed tumors of the parotid 
gland. McFarland’ reported a recurrence 
rate of 48 per cent in 5 years after opera- 
tion. In Rawson’s’ series 31 per cent of 
mixed tumors recurred within 10 years, al- 
though the majority of the recurrences took 
place within 4 years. Winsten and Ward” 
reported a 32 per cent recurrence rate after 
enucleation and a 28 per cent recurrence 
rate after excision of mixed tumors of the 
parotid gland. 

Kirklin and associates* reviewed the ex- 
perience of the Mayo Clinic up to 1945 and 
found a recurrence rate of 10 per cent. 
More recently Beahrs' from the same clinic 
reported the results of treating primary 
mixed tumors of the parotid gland by con- 
servative parotidectomy. Of 47 patients so 
treated since 1951 none has developed a re- 
currence. The latter surgical technique con- 
sists of superficial lobectomy for lesions 
above the facial nerve and conservative to- 
tal parotidectomy for lesions deep to the 
facial nerve. In principle at least, this ap- 
pears to be very similar to the operation 
described by State. This striking improve- 
ment in results in both institutions is indeed 
encouraging and offers additional evidence 
that enucleation or simple excision are in- 
adequate for benign tumors of the parotid 
eland. 

Total parotidectomy for recurrent mixed 
tumors has seemingly not improved the 
recurrence rate. However, the number of 
patients so treated is too small to permit 
final evaluation. 

We do not favor the use of a biopsy prior 
to removal of the tumor. The scarring and 
inflammation incident to a biopsy prior to 
definitive operation tend to make the sub- 
sequent operation more difficult and may 
even invite a recurrence due to spillage of 


Surgery 
October 1961 


tumor cells. In cases in which there is con- 
siderable doubt as to the benign nature of 
the tumor, a frozen section at the time of 
operation will usually establish the diagnosis 
and allow the surgeon to proceed accord- 
ingly. 


SUMMARY 


A series of 142 benign tumors of the 
major salivary glands treated surgically at 
the University of Minnesota Hospitals from 
1932 through 1956 has been reviewed. 

The recurrence rate in 48 primary mixed 
tumors of the parotid gland treated by ex- 
cision or enucleation was 10 per cent. 

No recurrences have been observed in 28 
patients with primary mixed tumors of the 
parotid gland treated by superficial lobec- 
tomy or total parotidectomy with preserva- 
tion of the facial nerve during a 3- to 15- 
year follow-up period. 

The recurrence rate in patients treated 
for recurrent mixed tumors of the parotid 
gland was 29 per cent, with no apparent 
improvement after the use of total parotidec- 
tomy. 

Superficial lobectomy and total parotidec- 
tomy with preservation of the facial nerve 
have proved to be most effective procedures 
in the management of benign tumors of the 
parotid gland. 
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Periductal mastitis associated with 


reticulum-cell sarcoma 


in the breast 


benign lesion labeled plasma-cell 
mastitis,» * 5» 12) 17 fat necrosis,’® 2% 23 peri- 
ductal mastitis,® comedomastitis,°? and 
mammary duct ectasia’® grossly may simu- 
late carcinoma of the breast. Rapid frozen 
section study identifies it as a non-neoplastic 
inflammatory lesion, and unnecessary mas- 
tectomy is avoided. Periductal mastitis has 
been reported as an isolated lesion by most 
writers, but a few® 1? 1% 32 have described 
it as a minor incidental finding in associ- 
ation with and secondary to carcinoma. 
Less commonly, recognition of the typical 
inflammatory lesion on biopsy was followed 
by subsequent discovery of malignant dis- 
ease elsewhere in the excised tissue.'* ‘There 
is a small but definite risk of missing a co- 
existent malignant lesion when _ incisional 
biopsy diagnosis is made of inflammatory 
reaction in tissue removed from a _ breast 
mass. For this reason, excisional biopsy of 
the allegedly benign mass is desirable, al- 
though in the absence of coexistent malig- 
nancy no harm results from allowing the 
inflammatory lesion to subside spontane- 
ously, as it will do after simple incisional 
biopsy." 

In the case to be reported, a malignant 
tumor appeared in the incisional biopsy 
scar after an inflammatory tumor caused by 
periductal fibrosis had disappeared spon- 
taneously. The rarity in the breast of the 
associated reticulum-cell sarcoma adds _ in- 
terest to the case. 


CASE REPORT 


A 73-year-old white woman noted the spon- 
taneous appearance and daily increase in size of 


Received for publication Nov. 14, 1960. 


634 


BURTON C. DYSON, M.D. 


PHILADELPHIA, PA. 
From the Laboratory of the Episcopal Hospital 


a tender ovoid mass extending laterally from the 
areola in a pendulous right breast. No discharge 
and no retraction of the nipple were present, but 
skin overlying the movable mass was red and 
slightly edematous. After 5 days the woman 
sought medical advice. 

Preoperative studies showed no _ significant 
physical findings other than the breast mass. 
Hemoglobin concentration was 10.4 Gm. per 100 
ml., hematocrit 32 per cent, and white blood cell 
count 6,200. Urinalysis showed a specific gravity 
of 1.004, a faint trace of protein, no sugar, 0 to 2 
white blood cells, and 0 to 2 red blood cells per 
high power field. On chest roentgenogram the 
heart and lungs were seen to be normal except 
for pulmonary emphysema, but osteoporotic and 
degenerative changes in the thoracic spine were 
accompanied by wedging with loss of stature of 
the eleventh vertebral body. Biopsy of the breast 
disclosed a sausage-shaped mass lying at 9 o'clock 
in the right breast with its medial extremity be- 
neath the circumference of the areola, extending 
laterally a distance of about 4 cm. This lesion, ex- 
posed by an incision 3 cm. long, proved to be a 
gray, firm, solid mass which cut like a gritty 
pear. The cut surface was streaked with yellow 
and had several ducts from which soft material 
emerged on pressure, leading to a gross diagnosis 
of comedocarcinoma. No gross evidence of inflam- 
mation was seen. Upon frozen section diagnosis 
of “no cancer,” the incision was closed without 
further manipulation. 

In paraffin sections (Fig. 1) marked periductal 
inflammatory cell infiltration and fibrosis accom- 
panied irregular dilatation of ducts within which 
were found innumerable foamy macrophages. 
Duct epithelium exhibited changes ascribed to 
the extensive inflammatory process. No evidence 
of malignancy was present. The diagnosis made 
was mammary duct ectasia. 

The wound healed without incident, the post- 
operative course was afebrile, and the . mass 
slowly decreased in size without treatment and 
disappeared after 10 weeks. After 4 months the 
patient complained of back pain of 1 week’s dura- 
tion, and stated that a new freely movable, non- 
tender mass beneath the skin at the medial end 
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of the biopsy scar had appeared 1 month earlier. 
The surgical scar was well healed. No other 
masses were present in either of the breasts or 
axillary regions. Complete physical examination 
again was negative except that the patient had 
stooped posture, tenderness over the lumbar 
spinous processes, and a 1 cm. subcutaneous mass 
at the margin of the right areola. This was re- 
moved under local anesthesia, was firm, white, 
and appeared grossly well demarcated from the 
surrounding breast tissue. On microscopic exami- 
nation (Fig. 2) sheets of malignant cells with 
scant cytoplasm were seen extending from the 
main lesion irregularly into the surrounding nor- 
mal mature fat. Although most of the cells could 
best be interpreted as forming a _ reticulum-cell 
sarcoma, plasma cells in scattered areas suggested 
the possibility of transition to plasmacytoma. 

Chest roentgenogram again showed no evi- 
dence of disease in the heart or lungs except 
emphysema, and there was no change evident in 
the collapsed eleventh vertebral body. However, 
minimal compression deformity of the twelfth 
vertebral body was present now with mottling 
suggestive of malignant disease which had not 
been present in the films taken 4 months earlier. 
An upper gastrointestinal series of radioscopic 
studies was negative. The blood urea level was 
15 mg. per 100 ml., the blood sugar level 100 
mg. per 100 ml., alkaline phosphatase level 3.3 
B.U., the phosphorous level 3.6 mg. per 100 ml., 
and albumin-globulin ratios were 3.8/5.2 and 
3.1/4.4 Gm. per 100 ml. Urinalysis showed 
specific gravity of 1.004, faint trace of protein, 
no sugar, 3 to 4 hyaline casts, 6 to 8 white blood 
cells, and no red blood cells per high power field. 
Bence-Jones proteinuria was not identified. The 
hemoglobin concentration was 11.4 Gm. per 100 
ml., hematocrit 34 per cent, and white blood cell 
count 4,000. With general anesthesia, right sim- 
ple mastectomy with removal in continuity of at- 
tached pectoralis major fascia and fat about the 
axillary vein was carried out without incident. 
In the excised tissue no residual tumor was 
identified, and no metastatic tumor was found 
in 22 lymph nodes recovered from the axillary 
fat. Postoperative healing was uneventful. Irradi- 
ation of the region of the eleventh and _ twelfth 
thoracic vertebrae was begun, and 1,200 r was 
delivered in 8 days with temporary relief of pain. 
However, back pain returned and _ roentgeno- 
graphic study 2 months after mastectomy (6 
months after the initial breast mass had ap- 
peared) showed a new lesion in the body of the 
first lumbar vertebra. 

The patient became bedfast, suffered tender- 
ness over the right scapula and right seventh to 
tenth ribs posteriorly which was considered clini- 
cally to be due to metastatic disease, and 8 months 
after the initial breast biopsy was found to have 
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2 poorly defined masses, each several centimeters 
in diameter, in the left breast. At this time the 
hemoglobin concentration was 8.3 Gm. per 100 
ml., hematocrit 26 per cent, reticulocyte count 
1.4. per cent, and white blood cell count 5,200. 
Free acid was present on gastric analysis. On 
urinalysis the specific gravity was found to be 
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Fig. 1. Breast. Marked periductal inflammatory 


cell infiltration and fibrosis with dilatation of 
duct. (Hematoxylin and eosin; x50; reduced %.) 
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Fig. 2. Breast tumor. Malignant cells completely 
replace breast tissue. Plasma cells are scattered in 
reticulum-cell sarcoma. (Hematoxylin and eosin; 


x230; reduced 2.) 
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Table I. Summary of previous cases of lymphosarcoma and reticulum-cell sarcoma primary i» the 


breast 


— 


Case 

No. Author Age Size of lesion Diagnosis 
Lesions in the lactating breast 

1 Geschickter!* 29 Lymphosarcoma 

2 Geschickter™ 32 — Lymphosarcoma 

3 28 Lymphosarcoma 
Rapidly fatal cases 

4 Schreiner and Thibaudeau? 69 —. Lymphosarcoma 

5 Fox! — Lymphosarcoma 

6 Fox! 63 Lymphosarcoma 

7 Harrington and Miller!’ 28 Large, multiple Lymphosarcoma 

8-12 Geschickter!3 15-63 Lymphosarcoma 

13 Pohl?° 30 Lymphosarcoma 

14 Piacentini?+4 63 Reticulum-cell sarcoma 

15 Grampa!* 24 “Ego” Reticulum-cell sarcoma 

16 Schottenfeld27 30 3 cm. Reticulum-cell sarcoma 

17 Schottenfeld2? 75 10 cm. Lymphosarcoma 

18 Schottenfeld2? 59 “Medium” Lymphosarcoma 

19 Raffo del Campo? 12 4 cm. Reticulum-cell sarcoma 

20 DuRoy and Sawyer® 55 “Large” Reticulum-cell sarcoma 
Small lesions cured 

21 Stringer? 53 Reticulum-cell sarcoma 

29 Thur?1 52 —— Lymphosarcoma 

23 Harrington and Miller'® 38 3 cm Lymphosarcoma 

24 Adair and Hermann? 53 4 cm Reticulum-cell sarcoma 

25 Adair and Hermann? 47 2 cm Reticulum-cell sarcoma 

26 Adair and Hermann? 41 -—- Lymphosarcoma 

27 Geschickter!? — “Small” Lymphosarcoma 

28 Schottenfeld2? 68 3 cm. Reticulum-cell sarcoma 

29 Bellini® 61 “Hazelnut” Lymphosarcoma 

30 Latteri and Santora?! 34 Reticulum-cell sarcoma 

DISCUSSION 


1.022, and there was 1+ proteinuria, no sugar, 
and 15 to 20 hyaline casts per high power field. 
Test for Bence-Jones proteinuria again was nega- 
tive. The blood urea level was 7 mg. per 100 ml. 
The patient refused additional studies and died 
at home 8 months after reticulum-cell sarcoma 
had been recognized in the breast: Autopsy was 
not permitted. 

In summary, an acute, spontaneously arising, 
slightly tender breast mass in a 73-year-old woman 
was diagnosed on biopsy as mammary duct ectasia 
and disappeared completely after 10 weeks’ ob- 
servation without treatment. Shortly thereafter 
a new mass appeared at the medial end of the 
biopsy scar beneath the areola, and on_ biopsy 
proved to be a reticulum-cell sarcoma. Death oc- 
curred 8 months after removal of the reticulum 
sarcoma, preceded by clinical evidence of wide- 
spread metastasis. 


The typical tumor of periductal mastitis 


occurs in women of postmenopausal age and_ 


is located near the center of the breast not 
far from the areola. Retraction of the nip- 
ple occurs in 50 per cent of cases. Usually 
the preoperative diagnosis is cancer,’’ al- 
though the characteristic history is that of 
sudden onset with inflammatory signs, fol- 
lowed by slow regression perhaps with per- 
sistence of some induration.‘* In approxi- 
mately 10 per cent of all cases reported to 
date, periductal mastitis has existed in con- 


junction with a recognized malignant le- 
sion.® 7 % 12, 15-17, 32 


Reticulum-cell sarcoma and lymphosar- 
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breast 
Treatment Course Remarks 
— Died, 4 mo. Both breasts diffusely enlarged in all 3 cases 
Died, 4 mo. 
None Died, 3 wk. 
Radical mastectomy and radiation Early recurrence Terminal when lost to follow-up at 4 yr., 9 mo. 
Radical mastectomy Died, 5 mo. Cervical and axillary nodes involved at start 
Radical mastectomy Died, 2 mo. Metastasis to brain 
Radical mastectomy and radiation Died, 7 wk. Bilateral breast and axillary masses at start 


Local excision 


Local excision and radiation 
Radical mastectomy and radiation 


Simple mastectomy and radiation 


Radical mastectomy and radiation 
Radical mastectomy and radiation 


Died before 20 mo. 


Radical mastectomy and radiation Died “soon after Rx” 
Radical mastectomy Died, 1 yr. 

Radical mastectomy Died, 10 mo. 

Local excision Died, 5 mo. 
Radiation Terminal, 3 mo. 


Died, 11 mo. 
Died, 11 mo. 


Living and well, 3% yr. 


All had widespread metastases 
Widespread metastases 
Cerebral metastasis 
Abdominal metastases 


After 6 mo. vaginal bleeding from lympho- 
sarcoma of cervix 

Recurrence at 3 mo. 

Widespread metastases 


Appeared in biopsy scar 6 mo. after excision of 
mass labeled “chronic mastitis’; after 2 
yr. invaded entire breast and metastasized to 
temporal region with regression after radia- 
tion; general health excellent 


Local excision and radiation Living and well, 18 mo. 

Radical mastectomy and radiation Living and well, 6 yr. 

Radical mastectomy Living and well, 7 yr. 

Radical mastectomy Living and well, 3 yr. 

Local excision and radiation Living and well, 10 mo. 

Local excision and radiation Living and well, 2 yr. 

Local excision and radiation Died, 11 mo. No recurrence, died of heart disease 


Living and well, 20 mo. 
Living and well, 4 yr. 


coma primary in the breast is a rare curi- 
osity.1 1 81 Only 30 detailed case reports 
with follow-up study have been recorded, 
all in the female breast (Table I). The 
tumor characteristically remains movable 
for a time, although microscopic infiltra- 
tion of surrounding tissue already may be 
evident." In over half of the cases re- 
ported,® 8, 10, 13, 14, 18, 20, 21, 25-30 death from 
lymphoma followed within a few weeks or 
months of initial diagnosis and treatment. 
Of 9 patients”: * 15 21, 27,31 apparently 


cured, 7 had been treated by irradiation. 
in 3 of the cases radical mastectomy had 
preceded irradiation, while in 4 others only 
local excision of the breast mass was used. 


SUMMARY 


A breast mass grossly simulating carci- 
noma in a 73-year-old woman was diag- 
nosed on incisional biopsy as benign peri- 
ductal mastitis and subsided completely 
without further treatment. Four months 
later a reticulum-cell sarcoma was removed 
from the medial end of the biopsy scar be- 
neath the areola. Widespread metastasis was 
followed by death 8 months later. 

Excisional biopsy is advised for appar- 
ently benign periductal mastitis which simu- 
lates breast cancer. 


I am grateful to Drs. John W. Klopp and 
Charles S. Kambe for permission to use their 
case report. 
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ocal (intravisceral) cancer chemo- 
therapy may be defined as the regional 
placement of chemotherapeutic agents in a 
viscus by physical means. Its purpose is to 
minimize the effect on organs outside of the 
tumor zone and to permit the delivery of a 
higher dose to the tumor cells. Local chemo- 
therapy in the form of topical application 
was the first effective form of cancer therapy. 
Hippocrates reported results which would be 
called encouraging according to current can- 
cer reports. Many fascinating articles on the 
local use of chemical agents may be found 
in the medical literature written before the 
turn of the century." Adair and Bagg' used 
mustard gas in solution for surface and in- 
terstitial tumor applications in 1931, more 
than 10 years before the nitrogen mustards 
were tried for systemic cancer chemotherapy. 
Reports on topical applications of modern 
chemotherapeutic agents indicate that while 
initial tumor regression was usually observed, 
the results in general have been unpredict- 
able. The present situation appears to us to 
be similar to that of cancer therapy with 
roentgen rays and radium in its first decade. 
Good results were rare and side reactions 
frequent as they are today with local chemo- 
therapy. Only after distribution and doses 
had been adequately controlled did radia- 
tion therapy give consistently worthwhile re- 
sults. We therefore anticipate that intravis- 
ceral chemotherapy may also become a valu- 
ible tool in cancer management with im- 
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proved techniques. This paper is written in 
the hope of stimulating interest in a new 
technique, which we believe may increase 
the survival rate without effecting morbidity 
or death. 

Chemotherapeutic agents may be applied 
to skin, to mucous surfaces, to surfaces of 
natural cavities, such as pleura and _ peri- 
toneum, and surfaces of artificially created 
spaces, such as wounds. The purpose may 
be cure or palliation of gross tumors or pre- 
vention of local recurrence if all gross cancer 
is surgically removed. The use of chemical 
agents for the treatment of superficial tu- 
mors has been recorded as early as the fifth 
century by Hippocrates. Today, caustic 
agents are still widely used. The initiative 
for the first trial of modern chemothera- 
peutic agents for surface applications in can- 
cer must be credited to Dr. James Ewing. 
While at the Army Institute of Pathology 
during World War I, he was impressed by 
the peculiar histologic reactions produced by 
mustard gas. In 1927, Ewing, Adair, and 
Bagg began animal experiments with mus- 
tard gas. They reported their clinical ob- 
servations on 19 patients in 1931. Twelve 
of the patients were treated by superficial 
applications of mustard gas dissolved in 
water. The thirteenth patient was given an 
interstitial injection. They state that they 
saw no recurrence within 2 years, and that 
the skins were pliable, well healed, and pain- 
less. 

In our review of the literature, we en- 
countered 4 reports which described the use 
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of surface applications for cancers in loca- 
tions other than the skin, pleura, or peri- 
toneal cavity. The first is by Bateman,* who 
mentions 1 patient with bladder cancer in 
whom intravesical instillation of triethylene- 
thiophosphoramide (TSPA) was used. This 
was followed by disappearance of cancer 
cells from the urine. The second report is 
that of Schultze*’ on the treatment of 2 
patients with rectal cancer who could not 
be operated upon. Daily enemas of 'Tetramine 
were given in addition to oral Tetramine 
therapy. Schultze reports “apparent cure” in 
one and good regression in the other. The 
third and fourth reports are those of White- 
side and associates** and Murphy** on the 
intrathecal use of Methotrexate. Much 
higher doses could be administered in this 
way than by systemic application and better 
results were achieved in central nervous sys- 
tem involvement by leukemia and lymphoma 
than with intravenous injections. These re- 
ports indicate to us that the intravisceral use 
of chemotherapeutic agents should be ex- 
plored. This technique offers unique possi- 
bilities by localization to the tumor area and 
precise dosimetry. 

Local recurrences are the cause of failure 
in many cancer operations; their develop- 
ment from implanted cancer cells was recog- 
nized by some medical pioneers. Moore,”' in 
1867, commented specifically on the danger 
of “seeding.” To prevent it, Lack,’’ in 1876, 
recommended carbolic acid spray, and Bab- 
ler,’ in 1909, was using alcohol and other 
chemicals in operative wounds. Mayo! sug- 
gested the local use of phenol or cautery if 
complete extirpation was not_ possible. 
Ewing"? recommended that a biopsy wound 
for mammary cancer be closed over a 10 
per cent formalin sponge to prevent spillage 
of viable tumor cells during subsequent dis- 
section. 

It has now been demonstrated conclusively 
that cells of a malignant neoplasm are con- 
stantly being cast off.1% 25 3% 31 Combin- 
ing the first 4 reports for a total of 342 pa- 
tients, we see that malignant cells were 
found in the wound or the abdominal cavity 
during cancer operations in 23 per cent. 
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Cells which looked suspicious, but could not 
be classified definitely as malignant, were 
found in an additional 11 per cent. 

The percentage of positive washes for 
malignant cells in the cavity depends upon 
the stage of the tumor as shown by the 
study of Moore and his group.** In 251 pa- 
tients with abdominal cancer, positive wash- 
ings were observed in noncurable cancer in 
66 per cent (stomach), 58 per cent (colon), 
and 43 per cent (rectum) ; while in curable 
cancer positive washings were found in 33 
per cent (stomach), 32 per cent (colon), 
and 16 per cent (rectum). 

Many investigators have demonstrated 
that the shedding of cells is accentuated by 
manipulation.” 4 1% 26, 3° 

Chemotherapeutic agents, radiocolloids, or 
external roentgen therapy have been recom- 
mended for the prevention of local recur- 
rences and metastases. The use of chemo- 
therapeutic agents appears attractive to us 
because it is more economical, easier to per- 
form, and avoids all the safety, supply, and 
licensing problems of radiation. Ship and 
colleagues*® demonstrated the possible effec- 
tiveness of a 0.05 per cent formaldehyde 
solution. This material applied at times vary- 
ing from 5 minutes before to 24 hours after 
tumor inoculation prevented growth of tu- 
mor in 80 to 85 per cent of the mice. In 
the untreated controls, tumor growth oc- 
curred in 100 per cent. Treated mice which 
developed tumor demonstrated a significant 
delay in time of appearance of tumor. The 
same concentration of formaldehyde placed 
in the wound 1 to 24 hours prior to tumor 
inoculation resulted in enhanced growth of 
tumor. Seal** compared chemotherapeutic 
agents with radiocolloids in transplantable 
ascites rat tumor. These agents were intro- 
duced into the peritoneal cavity at the same 
time as the tumor cells. All animals in which 
only the ascites tumor was injected developed 
cancer and died. When HN2 was injected 
at the same time as the implant, 80 per cent 
of the animals survived. Kramer and asso- 
ciates'® studied the prevention of S-9! 
melanoma and Sarcoma 37 in mice by the 
use of TSPA. When TSPA was given in the 
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tumor inoculation site at or shortly after the 
time of inoculation, the tumors were smaller 
than those in the control group. This effect 
was greater when tumor and TSPA were 
given intraperitoneally than when they were 
given intramuscularly. Krementz and _ his 
group’® also investigated the effectiveness of 
TSPA in preventing tumor growth. They 
instilled Brown-Pearce tumor cells in the 
subcutaneous abdominal incision of 94 rab- 
bits. In the control group, 79 per cent of 
the animals had growth in the wound. In 
the group treated with TSPA_intraperi- 
toneally, 81 per cent had tumor growth. The 
group in which the wound was irrigated with 
saline solution showed tumor growth in 7+ 
per cent. In the group treated with TSPA 
instilled locally in the wound, only 40 per 
cent had tumor growth. 

Whitehead and colleagues** experimented 
with nitrogen mustard combined with radio- 
gold to inhibit the growth of Ehrlich ascites 
carcinoma in mice. The inoculations were 
given intraperitoneally and treatment was 
begun on the following day. The effective- 
ness was judged by the number of cells in 
the ascitic fluid. The authors believed that 
HN2-radiogold combination caused more 
tumor inhibition than would be anticipated 
if the effect of the 2 agents were merely an 
additive one. 

On the basis of their own animal experi- 
ments, Cole and co-workers started a pro- 
gram of prophylactic and adjuvant injection 
of HN2 immediately after curative resection 
of carcinoma in the hope of reducing local 
recurrences and distant metastases.** ‘This 
was expanded under the auspices of the 
Cooperative Clinical Research Program of 
the Cancer Chemotherapy National Service 
Center into a large cooperative study. 
Twenty-five per cent of the full dose of HN2 
or TSPA was given, in this program, into the 
pleural or peritoneal cavity during opera- 
tion, and the other 5 per cent was given 
intravenously. In the part of the study con- 
ducted at Veterans Administration Hospitals, 
the 30-day mortality rate was significantly 
higher in the treated than in the control 
sroup (22 versus 7 per cent for lung cancer, 
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23 versus 10 per cent for gastric cancer, and 
12 versus 2 per cent for colorectal cancer, 
1959). Since most of the agents were given 
intravenously, the effects of the intravisceral 
or intracavitary applications of chemothera- 
peutic agents cannot be evaluated from this 
study. 

Hatiboglu and colleagues” studied the ef- 
fects of various chemotherapeutic agents on 
tumor cells inoculated into experimental 
wounds in vitro and into 2 systems in vivo. 
The local toxicity of the agents was meas- 
ured by their effects on wound healing. The 
ratio of the destruction of tumor cells to the 
impairment of wound healing was computed 
for each of 8 chemotherapeutic agents and 
was found to decrease in the following or- 
der: HN2, sodium hypochlorite, acriflavine, 
Clorpactin XCB, Atabrine, actinomycin D, 
TSPA, and Rivanol. 


SCOPE OF STUDY AND 
DESCRIPTION OF 
NEW METHOD 


Under the stimulus of the need for a 
more effective treatment of cells shed dur- 
ing surgical manipulation and in the hope of 
thus diminishing local recurrence and metas- 
tasis from the operation itself, we have de- 
veloped a technique of intravisceral topical 
localization of the chemotherapeutic agents 
during the surgical procedure. The direct 
intraluminal instillation of the drug assures 
high concentration of the agent at the tumor 
site with relatively prolonged action. During 
the development of our project in human 
beings, we became aware of this same sug- 
gestion by Cohn and Atik® in their experi- 
mental studies in rabbits. Regional leak of 
the agent occurs and appears to us desirable 
for the treatment of cells within the lym- 
phatic and venous systems. It is possible that 
metastatic disease may be desirably affected 
by our technique. When the abdominal 
cavity is entered, the tumor-bearing area of 
intestine is immediately isolated after the 
technique of Cole by placement of proximal 
and distal umbilical tapes at the limits of 
conventional resection. These are tied 
snugly. Currently HN2 is used since our 
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work and that of others indicates that it 
is still superior to other alkylating agents 
locally. We used 0.4 mg. per kilogram mixed 
so as to produce a 50 ml. solution in sterile 
saline solution. purse-string suture is 
placed in’ the seromuscular coat, on the 
antimesenteric wall of the segment to be 
resected. The site selected should be some 
distance from the primary tumor. With a 
Luer-Lok syringe and attached 15 gauge 
needle, the chemotherapeutic solution is then 
slowly introduced into the lumen. After the 
introduction of the material, the needle is 
withdrawn and the suture tied. The opera- 
tion is then continued in the usual fashion. 
The patient is followed by frequent complete 
blood and platelet counts and liver and kid- 
ney function tests. The specimen is examined 
grossly and microscopically. During the pro- 
cedure, intermittent samplings of local and 
systemic venous blood are taken. These ali- 
quots and the material remaining in the in- 
testine after the removal of the specimen 
are analyzed for nitrogen mustard by the 
technique of Klatt'® and indicate epithelial 
transfer and venous pickup. 

To date, we have performed this pro- 
cedure on 10 patients; 1 with a carcinoma 
of the cecum, 1 with a carcinoma of the 
right colon, 1 with a carcinoma of the trans- 
verse colon, 1 with a carcinoma of the 
splenic flexure, 3 with carcinoma of the 
sigmoid colon, 3 with carcinoma of the rec- 
tum, and 1 patients with chronic diverticu- 
litis which looked grossly like carcinoma. 
There have been no demonstrable adverse 
effects locally or systemically. Wound heal- 
ing has apparently been uneventful and dis- 
tribution of the cytotoxic agent throughout 
the specimen and its vascular supply has 
been as predicted. 

In summary, chemotherapeutic agents 
show promise in local attenuation of tumor 
growth and in the prevention of local re- 
currences and metastases from_ surgical 
manipulation. A new technique is described 
which permits a more concentrated action 
on the primary tumor and free tumor cells 
within the bowel lumen. Regional leak, via 
venous and lymphatic routes, appears desir- 
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able for the treatment of lymphatic ani| 
venous metastases. 
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Investigative surgery 


Studies on fibrinolytic activity with 


venous occlusion: 
treatment of 


thrombophlebitis 


I... can be dissolved in vivo by 


fibrinolytic activity and this mechanism is ap- 
parently effective in the treatment of many 
thromboembolic disorders.'* Effective fibrino- 
lytic agents have been developed for clini- 
cal use but they are still expensive and side 
reactions still occur, though with decreasing 
frequency. To increase our understanding of 
the mechanism of fibrinolysis we have con- 
tinued to investigate methods for the induc- 
tion of fibrinolytic activity by more natural 
means. Fibrinolytic activity has been shown 
to occur with many types of stress.‘ 
During our studies of induced fibrinolytic 
activity it was noted that spontaneous fibri- 
nolytic activity was frequently found in pa- 
tients from whom it was difficult to obtain 
blood specimens. It occurred to us that this 
might be due to the prolonged venous block- 
age by the tourniquet. Kwaan and McFad- 
zean**® had studied this phenomenon and 
Sherry and associates't have since reported 
their observations. We observed that venous 
occlusion by a sphygmomanometer cuff 
maintained at diastolic pressure resulted in 
significant fibrinolytic activity in a number of 
human subjects.* Increasing the duration of 
occlusion from 5 to 20 minutes resulted in a 
marked increase in the ratio of subjects dem- 
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onstrating fibrinolysis—from 20 per cent with 
5 minutes to 44 per cent with 20 minutes oc- 
clusion. Kwaan and McFadzean and Sherry 
limited their studies to short periods of oc- 
clusion and did not note the high percentage 
of individuals showing activity. 

The present study is an extension of our 
previous report* and includes reports con- 
cerning patients with thrombophlebitis 
treated by this method. 


MATERIALS AND METHODS 


Control blood samples were obtained 
either from an unobstructed vein in the ante- 
cubital fossa or over the medial malleolus. 
Experimental samples of venous blood were 
obtained distal to the sphygmomanometer 
cuff while it was still inflated. Blood was also 
obtained from a nonoccluded vein of another 
extremity 10 to 20 minutes after the release 
of pressure. The blood samples were placed 
on ice immediately and kept refrigerated un- 
til tested. The euglobulin method was used 
and fibrinolytic activity was determined by 
lysis of a bovine fibrin clot.* 1° Proteolytic 
activity was determined by the digestion of 
casein and measurement of the amount of 
tyrosine liberated.° The antiplasmin activity 
was determined as previously described,” and 
the prothrombin time by the one-stage 
method of Quick. Whole-clot lysis was meas- 
ured by placing a 3 ml. specimen of clotted 
blood in a water bath at 37° C. and measur- 
ing the time of complete lysis of the sample. 
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The individuals tested were essentially 
healthy and none had known carcinoma or 
debilitating chronic illness. 


INTERMITTENT VENOUS 
OCCLUSION 


Nine volunteer patients were used in these 
investigations. Two variations were em- 
ployed; (1) a 20-minute period of venous 


occlusion followed by a 10-minute “rest” ° 


period (this cycle was then repeated), and 
(2) a 20-minute occlusion followed by a 
20-minute “rest” period before the cycle was 
repeated. 

A control blood sample was first obtained 
without obstruction from a vein in an upper 
extremity. An ordinary sphygmomanometer 
cuff was then applied to the thigh and the 
pressure raised to the patient’s diastolic pres- 
sure in that extremity. At the end of the 
20-minute occlusion period, a blood sample 
was obtained from an occluded vein as de- 
scribed. 

After the 10- or 20-minute rest period, a 
blood sample without occlusion was obtained 
from an upper extremity. The entire cycle 
was then repeated with blood samples drawn 
at the end of the second occlusion period 
and at the end of the second rest period. 


RESULTS 


Significant activity was found in the blood 
from the occluded vein during one or both 
periods of venous occlusion in 6 of 10 pa- 
tients, or 60 per cent (Table I, Nos. 1, 2, 3, 
5, 6, and 7). In 3 of these patients (Nos. 2, 
3, and 7), the activity was poor during the 
first cycle, but increased significantly during 
the second cycle. 

Four of the patients (Nos. 4, 8, 9, and 
10) failed to manifest any significant increase 
in euglobulin fibrinolytic activity. 

It is noteworthy that there was also an in- 
crease in systemic activity in 4 patients (Nos. 
1, 2, 5, and 6), either after both cycles or 
only after the second one. In 2 of the patients 
(Nos. 3 and 7) in whom there was signifi- 
cant local activity without systemic activity, 
the greatest local activity occurred during 
the second cycle. 
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PERSISTENCE OF FIBRINOLYTIC 
ACTIVITY 


If thrombi are to be lysed in vivo it is 
necessary to maintain fibrinolytic activity for 
some time. It was important to know (1) 
how long the activity persists after occlusion 
is released and (2) whether or not the re- 
sponse is repeatable with subsequent courses 
of occlusion. To answer the first question we 
studied 5 patients (Nos. 11 through 15). A 
control sample was drawn and the occlusion 
was maintained for 20 minutes at diastolic 
pressure, a local blood sample was drawn, 
and the sphygmomanometer cuff removed. 
Samples of venous blood were then obtained 
from the same antecubital fossa every 20 
minutes for the next hour. The local fibri- 
nolytic activity produced by venous occlusion 
disappeared within 20 minutes after the re- 
lease of the cuff (Fig. 1). To answer the 
second question we investigated 6 patients 
(Nos. 16 through 21) over a 6-hour period. 
Using periods of 20 minutes of venous oc- 
clusion separated by 20 minutes of rest (cuff 


Table I. Fibrinolytic activity measured in 
2 successive cycles of venous occlusion at 
the thigh 


Euglobulin fibrinolytic activity 
(lysis time, hr.) 


Occlu- Local | Systemic 
sion/ (lower (upper 
rest Con- | extrem- | extrem- 
Patient | (min.) | Cycle | trol ity) ity) 
1 20:20 Ist 10-18 2 3-5 
2nd 3-5 
2 20:10 Ist 20 18% 11% 
2nd 1-2 6 
3 20:10 Ist 24 12% 24 
2nd 1%-2 24 
4 20:10 = Ist 7-8 6-7 7-8 
2nd 5” 9-10 
5 20:10 Ist 24 5% 21 
2nd 6-7 8 
6 20:20 = Ist 9-20 3 4 
2nd 3 $ 
7 20:20 Ist ? 24 24 
2nd 1% 24 
8 20:20 Ist 7-8 + 7-8 
2nd 10% 24 
9 20:20 Ist 24 24 24 
2nd 24 24 
10 20:20 Ist 24 24 24 
2nd 24 24 
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Vein occluded 
SS 


Euglobulin fibrinolytic time in hours 


0 20 40 60 80 
Control ‘Time in minutes 


Fig. 1. Composite graph which shows average 
euglobulin fibrinolytic times of patients during and 
after 1 period of venous occlusion. 


> 
rT 


rT TTT 


Euglobulin fibrinolytic time in hours 


Control Local Systemic 


Fig. 2. Composite graph which shows average 
euglobulin fibrinolytic response to 4 different cy- 
cles of occlusion and rest; 16 experiments. 


off), we obtained samples of blood from the 
occluded extremity each hour during the 6 
hours of the test. The results indicate that 
this phenomenon is repeatable without any 
lessening of activity. That is, if the euglobulin 
activity increased from a control sample of 
greater than 24 hours to a euglobulin fibri- 
nolytic time of 1 hour, then the activity 
would persist at this level throughout the 
test period. 


COMPARISON OF 
VARIOUS CYCLES 


Having established the fact that signifi- 
cant levels of euglobulin fibrinolytic activity 
could be produced by successive intermittent 
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periods of venous occlusion, we undertook t« 
determine which of several cycles was th: 
most effective in producing fibrinolytic ac- 
tivity locally and systemically. In this series 
the arm was used instead of the leg. 

Four patients (Nos. 22 through 25) were 
chosen from the convalescent group on our 
wards. Four different cycles of occlusion are 
shown in Table II. 

For 4 successive days each patient was 
subjected to a different cycle. The cycles 
were used in a different order for each pa- 
tient. 

As in our other experiments, the cuff was 
inflated to diastolic pressure. The local sam- 
ple was obtained from the antecubital fossa 
prior to release of the cuff. The systemic 
samples were drawn from the opposite arm 
without occlusion. In this particular group 
the samples recorded are from the second 
cycle. Just prior to the end of the second 
occlusion period the local sample was ob- 
tained. At the end of the second rest period 
the systemic sample was drawn from the 
opposite arm. The same procedure was used 
in all the cycles. The results of these cycles 
on local and systemic fibrinolytic activity 
gave results which were similar for all the 
cycles tested. No one cycle was better than 
the others on the basis of euglobulin activity 
(Fig. 2). However, from a clinical viewpoint, 
30 minutes of venous obstruction led to dis- 
comfort while 20 minutes did not. A rest 
period of 10 minutes between the cycles 
seemed to be more comfortable for the pa- 
tients than 5 minutes of rest. 

There were no significant changes in pro- 
teolytic activity, prothrombin time (Quick). 
or fibrinogen concentration. The whole-clot 
lysis time was shortened from over 48 hours 
to less than 6 hours in 2 local samples which 
showed marked fibrinolytic activity. 


EFFECT ON IN VIVO SODIUM 
MORRHUATE CLOTS 


In view of the results described we wished 
to ascertain whether or not fibrinolytic ac- 
tivity produced by this means would dissolve 
recent thrombi in vivo. 

According to our plan of investigation, 
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0.5 to 1.0 ml. of 5 per cent sodium mor- 
rhuate was injected into an occluded periph- 
eral vein. The subjects were examined the 
next morning. They were accepted for in- 
vestigation if the injected area showed a 
firm, hard cord which did not fill with blood 
and from which we could not draw blood. 
Thirteen subjects were studied. Satisfactory 
clots were formed in 11. Clots were formed 
in both legs in 3, in both forearms in 4, 
and in 1 forearm only in the remaining 4 
subjects. In 2 we were unsuccessful in estab- 
lishing a clearly demonstrated sodium mor- 
rhuate clot. 

Treatment was started approximately 24 
hours after formation of the clot. One of the 
extremities containing a thrombus was then 
subjected to intermittent venous occlusion 
for 6 hours. The other acted as a control and 
was subjected to the systemic effect only. 
The cycle used was 20 minutes of venous 
occlusion at diastolic pressure and 20 min- 
utes of rest. At the end of treatment and 
each morning for several days thereafter the 
areas of the clots were closely inspected. The 
clot was considered dissolved only if the vein 
was soft and easily distensible, and if blood 
could be drawn from the area of the pre- 
vious thrombosis. 

On the side of the cuff, 8 of 11 clots (73 
per cent) were dissolved during the period 
of intermittent venous occlusion (Table ITT). 
In one subject (No. 29) the vein failed to 
open during the first 6 hours of the proce- 
dure and was treated again the next day. 
The vein opened on the second day after 
6 hours (total 12 hours) of intermittent 
venous occlusion. Three subjects showed per- 
sistence of the clot. Two of these underwent 
only 1 course, 6 hours (Nos. 31 and 32) and 
| underwent 12 hours, 2 courses (No. 35), 
of treatment. Of the 7 clots present in the 
opposite (nonoccluded) extremity, 3, or 42 
per cent, dissolved (Nos. 26, 27, and 28). 

All of the lysed clots recurred within 
24 hours. This is to be expected because the 
intimal damage caused by the sodium mor- 
rthuate certainly is not healed in the period 
during which the subjects received their 
‘reatment. Evidence of this persistent dam- 
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age is seen in the venogram (Figs. 3 and 4). 
Specific patients were not used as controls 
during this study. However, experience shows 
that sodium morrhuate—induced clots, once 
formed, will persist for at least some weeks. 
The coincidental lysis and rethrombosis 
noted during the period of observation in 
these experiments would be most unlikely. 
The phenomenon of rethrombosis in the 8 
of 11 local and 3 of 7 systemic vessels that 
demonstrated lysis during treatment is evi- 
dence that these clots did not lyse spon- 
taneously. 


SPONTANEOUS THROMBOSIS 


This method of intermittent venous occlu- 
sion has been used on 6 patients with early 
superficial and deep thrombophlebitis. Be- 
cause of the extreme variability of the nat- 
ural history of thrombophlebitis, we wish to 
avoid premature opinions. All in this group 
have had excellent response to the treatment 


Table II. Cycles of occlusion 


Cuff on Cuff off 

(min.) (min.) 
Cycle 1 20 5 
Cycle 2 20 10 
Cycle 3 30 5 
Cycle 4 30 10 


Table III. Results of effect of intermittent 
venous occlusion for 6 hours on in vivo 
sodium morrhuate clots in 11 patients 


Pa- Extremity Extremity 
tients| Site with cuff without cuff 
26 Legs Open Open 
27 Legs Open Open 
28 Arms Open Open 
29. =Arms (1) closed, (1) closed, 
(2) open (2) closed 
30 Arms Open Closed 
31 Arms Closed Closed 
32 Legs Closed Closed 
33. Arm Open 
34 Arm Open * 
35 Arm (1) closed, ° 
(2) closed al 
* 


36 Arm Open 


Open means clot was lysed. 


Closed means vein remained thrombosed. 
*No induced clot. 
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Fig. 3. A, Venogram which demonstrates a forearm vein occluded by a sodium morrhuate— 
induced clot. B, Artist’s illustration of original roentgenogram. 


Fig. 4. A, Venogram which demonstrates the open but badly damaged vein after treatment 
by intermittent venous occlusion. B, Artist’s illustration of roentgenogram after treatment. 


and these results warrant a more active trial. 
We have developed a device* which would 
automatically inflate and deflate a sphygmo- 
manometer cuff at desired pressures and 
time intervals in order to expedite prolonged 
treatment periods. Patients with acute 
thrombophlebitis noted discomfort 
with inflation of the sphygmomanometer cuff 
in the first hours of treatment. This was mit- 


*A prototype was designed and completed for us by W. 
A. Baum Co., Inc., Copiaque, L. I., N. Y. 


igated by lowering the pressure at the be- 
ginning to less than diastolic pressure and 
then gradually increasing it to the diastolic 
pressure. The following case report is typ- 
ical of the results in these 6 cases. 


CASE REPORT 


N. M. was a 61-year-old white textile salesman 
who was admitted to Doctors Hospital on March 
29, 1960. His left leg was swollen with edema 
fluid and measured 17% inches about the calf. 
The right calf measured 15 inches. There was a 
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markedly positive Homans’ sign and tenderness 
along the lesser and greater saphenous veins of 
the left leg. The symptoms had been present for 
3 days. The man had been treated by bed rest, 
penicillin, and elevation of the left leg on 2 pil- 
lows. On admission intermittent venous occlusion 
with a “20-20” cycle was begun and lasted 6 
hours. At the end of that time the left leg was 
normal in regard to swelling and pain. The cir- 
cumference was 15% inches and there was no 
tenderness along the saphenous veins of the leg. 
The next day the treatment was repeated. Since 
that time the patient has had no medications, was 
never treated with anticoagulants, and has had no 
symptoms while working a full day as a textile 
salesman. He has been advised to wear a below- 
knee stocking to help prevent recurrence. 


DISCUSSION 

In this and a previous paper* we have at- 
tempted to evaluate the effect of venous oc- 
clusion on fibrinolytic activity in human be- 
ings. It has been noted that after 5 minutes 
of venous occlusion significant activity ap- 
pears distal to the tourniquet in 20 per cent 
of the patients, but with more prolonged 
occlusion (up to 20 minutes) a higher per- 
centage (60 per cent) is obtained. In an ef- 
fort to determine whether or not this phe- 
nomenon was transitory, the system of in- 
termittent cycles of occlusion was evolved. 
From a practical point of view, the 20-min- 
ute period of venous occlusion with a 10- or 
20-minute rest period was found to be most 
effective. We also were able to demonstrate 
that high levels of activity could be main- 
tained for long periods. Our study with suc- 
cessive cycles seems to indicate that activity 
produced by this means is cumulative and 
that if activity does not appear with the first 
cycle it may appear later. 

The experimentally produced sodium 
morrhuate clots served as a means of deter- 
mining the thrombolytic effectiveness of the 
fibrinolytic activity produced. Eight of the 
11 thrombi (72 per cent) on the treated 
side were dissolved by the local fibrinolytic 
activity. This is as effective as systemic ther- 
apy with use of fibrinolytic agents for 4 to 
5 hours. The relative effectiveness of the 
systemic activity produced was demonstrated 
by the lysis of 3 of 7 (43 per cent) of the 
‘lots in the opposite extremity (systemic ef- 
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fect) as compared with the 8 of 11 (73 per 
cent) lysed on the side of the occlusion 
(local effect). 

The relationship between this type of ac- 
tivity and that seen in the classical examples 
of “spontaneous” fibrinolytic activity is not 
known at present. However, we hope to be 
able to contribute to this knowledge with 
additional studies of the plasminogen—ac- 
tivator—plasmin relationship in’ occluded 
venous blood. Studies on the complicated 
metabolic changes with occlusion are also in 
order, since changes in pH, oxygen, carbon 
dioxide, and tissue breakdown products may 
be of importance in the production of the 
lytic activity. It is hoped that additional 
study will furnish methods to increase the 
percentage of good results. Studies of the 
effects of a combination of small amounts 
of fibrinolytic agents and intermittent venous 
occlusion are being undertaken. It will also 
be necessary to evaluate combinations of oc- 
clusion with other drugs, such as pyrogens 
and nicotinic acid, and particularly local 
paravascular injections of drugs such as 
adrenalin. A thorough clinical trial with a 
large number of patients will be undertaken 
as soon as the preliminary studies are com- 
pleted. This principle of treatment of throm- 
botic disease was suggested in the past, but 
was discontinued because of the unreliability 
of the results.‘ The reasons for the unsatis- 
factory results seem to be clear at this point. 
The method was used on patients with old 
thrombi and arteriosclerosis, which would 
respond very poorly, if at all. The cycle used, 
venous occlusion for 3 to 5 minutes, would 
not be expected to be satisfactory on the 
basis of our present studies. With the cycles 
shown to be effective by these studies, it is 
conceivable that effective treatment of re- 
cent thrombi may be accomplished. 


SUMMARY 


1. It has been shown that significant 
fibrinolytic activity may be produced by 
venous occlusion alone. 

2. Periods of occlusion separated by pe- 
riods of rest produce continued levels of fibrin- 
olytic activity in the majority of patients. 
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3. The cycle with 20 minutes of occlusion 
followed by 10 to 20 minutes of rest was 
found to give the most satisfactory results 
in this study. 

4. The fibrinolytic activity so produced 
will dissolve sodium morrhuate clots both 
locally (8 of 11) and systemically (3 of 7). 

5. This mechanism is an effective, non- 
toxic, method of producing therapeutic levels 
of fibrinolysin in a significant percentage of 
patients. 
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ince the recent introduction of gastric 
hypothermia as a method to control massive 
upper gastrointestinal hemorrhage, encour- 
aging and often dramatic results have stim- 
ulated increasing interest in and use of this 
technique.® Of all causes of massive upper 
gastrointestinal hemorrhage, probably the 
most difficult to manage has been bleeding 
esophageal varices. Experience to date at 
The Presbyterian Hospital indicates that 
esophagogastric hypothermia is effective in 
the temporary control of massive hemor- 
rhage from bleeding esophageal varices. 
O. H. Wangensteen and associates’? have 
amply demonstrated several changes in gas- 
tric physiology that attend local gastric 
cooling. One of the alterations noted was 
depression in gastric blood flow amounting 
to approximately 66 per cent. Since the ar- 
terial supply to the stomach and the liver 
stem from the same source, it suggested that 
gastric cooling might result in a reduction of 
hepatic blood flow as well. If hepatic blood 
flow were reduced as significantly as gastric 
blood flow, serious consequences could fol- 
low the use of gastric cooling in patients 
with marked liver damage. The present 


Supported by Research Grant H-5372 from the National 
Institutes of Health, United States Public Health Service. 


Received for publication June 15, 1961. 
*Special Research Fellow, National Heart Institute. 


**Post Sophomore Research Fellow, National Institutes 
of Health. 


651 


I. The effect on 
estimated hepatic blood 


flow in the normal 


anesthetized dog 


study was performed to determine the effect 
of gastric hypothermia upon estimated he- 
patic blood flow in the normal normothermic 
anesthetized dog. 


METHODS 


Total estimated hepatic blood flow was 
measured by the Bromsulphalein (BSP) re- 
moval method described by Bradley. Ample 
evidence has accumulated that supports the 
assumptions on which the BSP method de- 
pends. 

Twenty adult mongrel dogs of both sexes 
which weighed between 14 and 27 kilo- 
grams were used in the experiments. ‘Two 
experimental designs were employed. 

Plan I. Three dogs were subjected to 
measurements of hepatic blood flow (1) 
with an empty intragastric balloon, and (2) 
after inflation of the gastric balloon with 
500 ml. of fluid at body temperature. These 
measurements were obtained to determine 
whether or not there was reduction in 
hepatic blood flow. from the inflated, non- 
cooled gastric balloon. 

Plan II. Fourteen dogs were subjected to 
measurements of hepatic blood flow (1) 
with an intragastric balloon filled with 500 
ml. of fluid at body temperature (same pro- 
cedure as the second step in Plan I), and 
(2) during gastric hypothermia with 500 
ml. of circulating fluid in the gastric bal- 
loon and maintenance of body temperature. 
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Three dogs were subjected to all of the 
procedures and are included in both plans. 
Thus, there are 6 dogs in Plan I and 17 
dogs in Plan II. 

Pentobarbital sodium was given intrave- 
nously to maintain light anesthesia. In 4 
animals which received gastric cooling, ar- 
terial pH, carbon dioxide tension, carbon di- 
oxide content, and HCO; were determined 
to be certain ventilation was constant. A 
polyethylene catheter was surgically placed 
in the left common hepatic vein under 
sterile conditions according to the method of 
Shoemaker*® several days prior to the blood 
flow studies. Peripheral arterial samples were 
obtained from a catheter inserted in the 
femoral artery. A solution of BSP in isotonic 
saline solution was infused at a constant 
rate into a peripheral vein after a priming 
dose of 50 mg. of BSP. The rate of BSP 
infusion was kept at 1 mg. per minute in 
most instances because this rate was found 
to maintain the most nearly constant pe- 
ripheral plasma concentration. The infusion 
was allowed to run at least one-half hour 
before any determinations were performed 
so that BSP equilibration could occur. 
When gastric cooling was employed, at 
least 1 hour was allowed to elapse before 
determinations were performed. Duplicate 
serum concentrations of BSP were deter- 
mined on an Evelyn colorimeter by the 
method described by Gaebler.* Peripheral 
mean arterial blood pressure was recorded 
on a mercury manometer from a catheter 
inserted in the femoral artery. Rectal tem- 
perature was monitored by a_ thermistor 
probe inserted in the rectum. 

Gastric hypothermia was employed with a 
machine, plastic coaxial tube assembly, and 
balloon previously described.’* The inflow 
temperature of the circulating fluid was rou- 
tinely 0 to 2° C. Body temperature was 
maintained by external heating with electric 
heating pads. 


RESULTS 


The calculation of estimated hepatic blood 
flow was obtained by multiplying the es- 
timated hepatic plasma flow by the factor 
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i —— In these experiments hematocrit de- 


terminations were not performed during th: 
stage of gastric cooling. Subsequently it was 
noted that gastric cooling produced an in- 
crease in the large vessel hematocrit, a!- 
though a normal body temperature was 
maintained. Mere inflation of the gastric 
balloon with fluid at body temperature in- 
duced no significant change in the hemato- 
crit, however. In order to obtain a reason- 
able value for hepatic blood flow during’ 
gastric hypothermia, we used the average 
hematocrit increase noted in another study 
from this laboratory’ for the calculation of 
average hepatic blood flow results. In these 
studies, gastric cooling was performed for 
the same period and the general protocol of 
the experiment was identical except that 
parameters of renal hemodynamics were 
studied. In 9 dogs the average increase in 
the large vessel arterial hematocrit after | 
hour of gastric cooling was 17 per cent. A 
similar result has been obtained during 
studies on the effect of gastric cooling on 
total circulating blood volume.*' These 
studies afford reasonable assurance that in 
response to 1 hour of gastric cooling the 
average hematocrit increase is approximately 
17 per cent. In the present study the aver- 
age precooling hematocrit of the dogs in 
Plan II was 37 per cent. After 1 hour of 
gastric cooling, we assume the average hem- 
atocrit to be 43 per cent, an increase of 17 
per cent. Since the hematocrit increases 
with gastric cooling, the reduction in hepatic 
blood flow is less marked than the reduction 
in hepatic plasma flow. 

In Plan I, 6 dogs underwent measurements 
of hepatic blood flow with an empty intra- 
gastric balloon (Table I). The mean hepatic 
plasma flow was 335 ml. per minute or 17.0 
ml. per kilogram per minute. The mean 
hepatic blood flow was 605 ml. per minute 
(31.2 ml. per kilogram per minute). 

With the introduction of noncooled fluid 
into the gastric balloon (Plan I, second step) 
the mean hepatic plasma flow was reduced 
to 288 ml. per minute (14.6 ml. per kilo- 
gram per minute). The mean hepatic blood 
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flow was reduced to 522 ml. per minute 
(27.2 ml. per kilogram per minute). In 2 
of the dogs there was no depression in flow 
after inflation of the gastric balloon. Statis- 
tical analysis of these results shows that 


these changes are not significant (p < 0.4). . 


In Plan II (first step), 17 dogs were sub- 
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jected to measurements of hepatic blood 
flow with an inflated noncooled intragastric 
balloon (Table II). The average hepatic 
plasma flow was 340 ml. per minute (18.8 
ml. per kilogram per minute and the aver- 
age hepatic blood flow was 557 ml. per 
minute (30.9 ml. per kilogram per minute). 


Table I. The effect of gastric hypothermia on estimated hepatic blood flow in Plan I 


Hepatic Hepatic 
Hepatic plasma flowt Hepatic blood flowt 
plasma flowt | (ml./Kg./ blood flowt (ml./Kg./ 

Dog- Wt. p* Ex%+ (ml./min.) min.) (ml./min.) min.) 

No. | (Kg.) 2 1 | 2 1 | 2 
330 19 0.00014 0.00014 13 25 516 280 27.1 14.7 920 500 48.4 26.3 
335 20 0.00001 0.00019 20 17 454 489 22.7 244 928 998 464 49.9 
340 16 0.00009 0.00000 41 22 234 «337.0 14.6 21.00 403 580 25.2 36.2 
350 19 0.00004 0.00018 41 26 258 220 [isa 383 392 332 20.6 17.5 
396 27 0.00004 0.00006 35 38 263 = 212 9.7 7.8 516 416 19.1 15.4 
392 17 0.00001 0.00016 13 10 290 ~=188 17.0 11.0 476 309 28.0 18.1 
Mean 19.7 — — 27 23 335 288 17.0 14.6 605 522 31.2 27.2 
S.D. 4118 4112 164 +464 +1251 2254 112.9 113.5 


*P = change in arterial BSP concentration (milligrams per milliliter of plasma per minute). 


arterial-heptatic BSP difference (mg.%) 
arterial BSP (mg.%) 


= 


tEstimated. 


x 100 


Table II. The effect of gastric hypothermia on estimated hepatic blood flow in Plan II 


Hepatic Hepatic 
Hepatic plasma flow} Hepatic blood flow} 
plasma flow$| (ml./Kg. blood flow} (ml./Kg./ 
Dog Wt. (ml./min.) min.) (ml./min.) at min.) 
No. |(Kg.)| 1 | .2 1 | 2 s | 2 1 | 2 BE: 1 | 2 
209 15 0.00009 0.00000 54 54 151 152 10.0 10.0 231 15.4 
217 17 0.00010 0.00006 38 33 331 249 19.4 14.6 473 31.5 
218 17 0.00006 0.00014 47 48 400 155 23.5 9.1 648 38.1 
230 19 0.00000 0.00016 58 86 217. —=—:118 11.4 6.2 360 19.0 
232 19 0.00005 0.00000 29 19 612 251 32.2 13.2 1090 — 57.3 
239 17 0.00000 0.00052 28 15 328 408 19.3 24.0 544 32.0 
240 18 0.00000 0.00004 27 25 421 421 23.3 23.3 560 31.1 
245 14 0.00004 0.00032 18 9 212 130 15.1 9.3 341 24.4 
248 17 0.00058 0.00008 28 14 281 55 16.5 3.2 530 31.2 
256 19 0.00000 0.00038 41 33 450 372 23.7 19.5 725 40.2 
262 21 0.00004 0.00028 53 39 247 =166 11.7. 7.9 418 20.0 
263 24 0.00008 0.00028 21 35 580 285 24.1 11.9 998 41.6 
270 23 = 0.00018 0.00040 27 10 365 326 15.8 14.2 403 21.0 
273 14 0.00044 0.00040 37 13 254 155 18.1 11.1 374 26.7 
335 20 0.00019 0.00016 17 17 489 111 244 5.5 998 49.9 
340 16 0.00000 0.00023 22 19 337 217 21.0 13.5 580 36.2 
399 17 0.00016 0.00044 11 26 113. 129 6.6 7.6 188 11.0 
Mean 18.0 33 29 340 86218 18.8 12.1 557 = 381 31.0 21.2 
S.D. +140 +111 6.5 412.2 
“P = change in arterial BSP concentration (milligrams per millileter of plasma per minute). 
+Ex% = arterial-heptatic BSP difference (mg.%) x 100 


arterial BSP (mg.%) 
‘Estimated. 
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It is noted that these average results, when 
they are considered on a per kilogram 
basis, are as high as those of either step 
in Plan I. 

With the employment of gastric hypo- 
_thermia (Plan II, second step), the hepatic 
plasma flow fell to an average of 218 ml. 
per minute (12.1 ml. per kilogram per 
minute), a reduction in plasma flow of 35 
per cent (p < 0.005) from the first step. 
In this step of the experiment it is necessary 
to employ the increased hematocrit value 
in the calculation of hepatic blood flow. 
This gives an estimated hepatic blood flow 
of 381 ml. per minute (21.2 ml. per kilo- 
gram per minute), which is a 31 per cent 
reduction in blood flow rather than 35 per 
cent. In 4 dogs no depression in blood flow 
occurred during gastric cooling. 

The arterial pH, carbon dioxide tension, 
carbon dioxide content, and ~-HCO; were 
determined in 4 of the animals. In 1 dog 
there was a rise in carbon dioxide tension 
during gastric hypothermia. No significant 
changes were noted in the pH measurements 
or in carbon dioxide content. In all of the 
dogs there was a depression in hepatic flow 
during intragastric cooling. 

No changes were noted in the mean 
arterial blood pressure during inflation of 
the intragastric balloon or gastric cooling. 


DISCUSSION 


It has previously been reported that gas- 
tric blood flow is unchanged upon inflation 
of an intragastric balloon without cooling." 
The data in the present study suggest that 
on occasion the position and weight of the 
filled noncooled balloon within the stomach 
may reduce hepatic blood flow, perhaps by 
resting on the portal vein. If the left lobes 
of the liver are encroached upon during in- 
flation of the balloon, we may see an arti- 
ficial reduction in flow since the hepatic 
venous sampling catheter was placed in the 
left common hepatic vein. On the other 
hand, the per kilogram flow results obtained 
with a filled gastric balloon in Plan II are 
similar to the results obtained with an 
empty intragastric balloon in Plan I, although 
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the values are quite similar. This suggests 
that as more animals are measured the oc- 
casional reduction in hepatic flow seen in 
an animal will not be significantly reflected 
in the mean results, and that, in general, 
the hepatic blood flow is not influenced by 
inflation of the balloon alone. 

Under the conditions of this study there 
was a definite decrease in estimated hepatic 
blood flow in most animals when gastric 
hypothermia was employed, in addition to 
any “tamponade” effect that may have been 
present from the inflation of the balloon. 


Hallet,* using the BSP removal method,. 


has described the depression in hepatic 
blood flow that occurs in systemic hypo- 
thermia. The fall in hepatic blood flow 
parallels the reduction in cardiac output. 
A depression in hepatic blood flow of similar 
magnitude to that noted in the present study 
was reached at 30° to 32° C. 

Heimburger and colleagues® found no re- 
duction in portal venous flow or portal 
venous oxygen saturation at the end of one- 
half hour of gastric cooling when the stom- 
ach wall temperature was maintained at 
20° C. At the end of 2 hours portal flow 
was significantly reduced, but this reduction 
appeared to be the result of the experimental 
preparation rather than gastric cooling. 
Nicoloff,° on the other hand, reports that 
portal flow is reduced approximately 25 per 
cent during gastric cooling as measured by 
an electromagnetic flowmeter. He found 
relatively little change in hepatic arterial 
flow. Our data give no indication which 
component of hepatic inflow is affected 
since only total estimated hepatic blood flow 
was measured. 

In the patient with cirrhosis and intra- 
hepatic block, portal inflow to the liver is 
reduced and hepatic arterial inflow is be- 
lieved to convey most of the circulation to 
the damaged, distorted parenchyma. If gas- 
tric hypothermia does reduce hepatic arterial 
flow significantly, it could further impair the 
already limited blood supply to the liver in 
the cirrhotic patient with bleeding eso- 
phageal varices. 

In 16 patients bleeding from esophageal 
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varices treated with gastric hypothermia, 
clinical deterioration has not been observed 
during cooling. In fact, the reverse has been 
true. Clinical improvement noted during 
cooling may have been related to the arrest 
of hemorrhage, which was effected in every 
instance. We have reduced the circulating 
volume used clinically in patients with liver 
disease from the originally recommended 
800 to 1,000 ml. to 200 to 400 ml. without 
sacrificing control of hemorrhage. The use 
of a small circulating volume with concen- 
tration on the placement of a single-lumened, 
gourd-shaped balloon in the esophagus and 
upper stomach has been. satisfactory and 
appears worthwhile. 


CONCLUSIONS 


1. Measurements of. estimated hepatic 
blood flow by the BSP removal method were 
performed in 20 anesthetized dogs. 

2. In general, inflation of the intragastric 
balloon without cooling does not produce 
a reduction in hepatic blood flow. 

3. Gastric hypothermia significantly re- 
duced hepatic blood flow under the condi- 
tions of the experiment. 

4. The clinical significance of a reduction 
in hepatic blood flow during gastric cooling 
has not been determined. 
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Physiologic effects of gastric hypothermia. 
Il. The effect on renal 


blood flow, renal 
plasma flow, and 
glomerular filtration 
rate in the normal 


anesthetized dog 


L. a few patients who have received 
gastric hypothermia for the control of 
massive upper gastrointestinal hemorrhage, a 
depression in urine output has been noted. 
In our series of patients treated for massive 
bleeding by gastric cooling, 70 per cent have 
been in shock prior to the initiation of gastric 
hypothermia. In addition to hemorrhage, 
myocardial infarctions and other cardio- 
vascular accidents have contributed to the 
hypotensive episode. In view of depressions 
noted in gastric and hepatic blood flows, the 
question has been raised whether or not 
gastric hypothermia itself is a contributing 
factor in renal ischemia. 

Ample evidence has accumulated that 
gastric hypothermia markedly alters gastric 
function.** Recent findings indicate that the 
physiologic changes induced by this form of 
cooling are not limited to the stomach. Data 
from this laboratory and elsewhere have 
shown that gastric cooling affects hepatic 
blood flow,’® circulating blood volume,"® and 
pancreatic function.® 

The purpose of the present study was to 
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ascertain the effects of gastric hypothermia 
on renal hemodynamics in normal anes- 
thetized dogs. 


METHODS 


The experiment was designed to determine 
changes, if any, in effective renal plasma 
flow, effective renal blood flow, and glomer- 
ular filtration rate rendered by (1) the 
weight of a fluid-filled balloon in the stomach 
and (2) chilling of the fluid to near freezing 
while maintaining body temperature. The 
experiment consisted of 3 stages. In Stage I 
the animal was lightly anesthetized and con- 
sidered to be in a basal state. These values 
represent the base line. Since each dog 
served as its own control, results obtained 
in the later stages were compared to these 
figures. In Stage II a gastric balloon was 
positioned in the stomach and filled with 
noncooled fluid to the volume used during 
the gastric hypothermia stage (250 to 400 
ml., depending on the animal’s weight) . This 
stage demonstrates the effect of the fluid- 
filled noncooled gastric balloon. In Stage III 
the fluid in the balloon was cooled while body 
temperature was maintained. One hour of 
intragastric cooling was employed before any 
determinations were obtained. Electric heat- 
ing pads were utilized to maintain body tem- 
perature. In this stage, the effect of gastric 
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hypothermia is added to the effect of the 
filled balloon. 

Mongrel dogs which weighed from 10.3 to 
19.0 kilograms and had been fasted for 24 
hours but given water ad libitum were anes- 
thetized with 30 mg. per kilogram of pento- 
barbital sodium administered intravenously. 
Anesthesia was supplemented throughout the 
experiment with small doses to maintain light 
anesthesia. Catheters were placed proximally 
into the aorta via the femoral artery and in- 
to the urinary bladder. Priming doses of 
sodium para-aminohippurate (PAH) (8 mg. 
per kilogram) and inulin (50 mg. per kilo- 
gram) were administered intravenously to 
achieve the desired plasma levels of 0.02 and 
0.25 mg. per milliliter, respectively. These 
were followed by a sustaining dose in isotonic 
saline solution infused intravenously by a 
constant infusion pump to maintain the de- 
sired plasma levels. Except for the infusion 
containing PAH and inulin (1.0 to 2.0 ml. 
per minute), no infusions were given at any 
time during the experiment. 

After a 30-minute wait for equilibration, 
the bladder was emptied and timed urine 
collection periods were begun which lasted 
15 to 30 minutes, depending on urine output. 
If urine output was below 1.0 ml. per minute 
_the experiment was discontinued at this 
point, since accurate determinations are diffi- 
cult to achieve with highly concentrated 
urine. Midway in the urine collection period 
an arterial blood sample was drawn and 
hematocrits were determined on a portion of 
these samples by the microhematocrit method. 
The remainder was used for plasma de- 
terminations of PAH and inulin concentra- 
tions. Two urine collections were obtained 
for each of the 3 stages of the experiment. 
Renal plasma flow and glomerular filtration 
rate were measured by the renal clearance 
of PAH and inulin, respectively.* 1? Renal 
blood flow for each stage of the experiment 
was calculated from the PAH clearance and 
the stimultaneous arterial hematocrit. 

Gastric hypothermia was obtained by the 
circulation of fluid at 0° to 2° C. through a 
‘atex gastric balloon attached to a plastic 
coaxial tube assembly with the gastric hypo- 
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thermia machine which was previously de- 
scribed.?* 

Rectal temperature was monitored by a 
thermistor probe inserted into the rectum. 
Any animal in which the body temperature 
fell more than 5° C. during the experiment 
was eliminated. 

Mean arterial blood pressure was moni- 
tored by a mercury manometer via the 
femoral arterial catheter. 


RESULTS 


Nine mongrel dogs of 14.8 kilograms mean 
body weight were used in the present study. 
The large-vessel arterial hematocrit, PAH 
clearance results (effective renal plasma 
flow), and calculated renal blood flow for 
the 3 stages of the experiment are shown in 
Table I. The mean arterial hematocrit for 
Stage I was 43.1 per cent. In 5 animals 
arterial hematocrits were determined in Stage 
II and the average was 45 per cent. After 1 
hour of gastric cooling the mean arterial 
hematocrit rose to 50.4 per cent, an increase 
of 17 per cent (p < 0.01). 

In Stage I the mean effective renal plasma 
flow was 191 ml. per minute or 12.9 ml. per 
minute per kilogram. In all experiments the 
renal plasma flow decreased in the final 2 
stages; the average was 146 ml. per minute 
(9.9 ml. per minute per kilogram) in Stage 
II and 116 ml. per minute (7.8 ml. per 
minute per kilogram) in Stage III, a 23.5 
per cent (p < 0.001) reduction in Stage II 
and a 39 per cent (p < 0.001) decrease in 
Stage III from base-line levels. 

The mean control effective renal blood 
flow (Stage I) was 335 ml. per minute or 
22.6 ml. per minute per kilogram. The cal- 
culation of the renal blood flow depends up- 
on the renal plasma flow and the simul- 
taneous arterial hematocrit. Only 5 hemato- 
crit determinations were obtained during the 
second stage. It was assumed that these 5 
experiments typified the change in hematocrit 
for all the experiments. On this assumption 
the mean effective renal blood flow for Stage 
II was determined from the mean renal 
plasma flow of all the experiments and the 
average hematocrit of these 5 experiments. 
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Table I. The effect of gastric hypothermia on renal hemodynamics 


Effective renal plasma flow Effective renal blood flow 

Dog | Weight Hematocrit (ml./min./Kg.) (ml./min./Kg.) 
No. | (Kg.) | | | | 1 | | am 
474 13.3 42 — 54 15.9 11.5 8.5 27.5 — 18.5 
488 18.6 38 —~ 46 14.6 9.1 8.1 23.6 — 14.9 
505 19.0 47 54 10.8 7.9 6.8 20.4 14.7 
516 13.3 41.5 —- 60.5 12.3 10.4 6.9 21.2 -- 17.5 
540 14.0 bd 42.5 44 12.9 11.1 10.2 22.9 19.4 18.2 
100 15.9 40.5 41.5 44 12.1 8.9 5.9 20.3 15.3 10.6 
104 14.0 45 46.5 52 11.6 10.6 9.6 20.9 18.4 20.1 
110 10.3 48 48 49 11.9 10.5 7.8 23.0 20.2 15.2 
112 15.0 42 46 50 14.1 10.3 7.3 24.4 19.2 14.5 
Mean 14.8 43.1 — 50.4 12.9 9.9 7.8 22.6 17.6 15.9 
S.D. 216 24.1 =L4 +2.34 22.8 


Table II. The effect of gastric hypothermia on renal hemodynamics 


Glomerular filtration rate Urine volume 
Des (ml./min./Kg.) Filtration fraction (ml./min./Kg.) 
No. 1 | | 1 | | im 1 | | m 
474 5.8 4.1 4.4 0.3632 0.3529 0.5133 2.22 2.44 2.67 
488 £3 Be 2.7 0.2426 0.3882 0.3333 2:96 3.33 2.62 
505 3.3 2.9 2.1 0.3024 0.3733 0.3101 1.90 1.81 1.38 
516 4.7 4.7 3.9 0.3841 0.4532 0.5652 1.60 3.02 0.44 
540 3.9 4.1 4.1 0.3000 0.3654 0.3986 177 1.76 4.30 
100 3.8 3.4 y 0.3125 0.3803 0.4574 1.93 1.82 1.70 
104 A ae 3.4 0.2716 0.3333 0.3556 2.80 2.55 3.20 
110 4.4 4.4 3.4 0.3658 0.4167 0.4375 137 1.52 1.46 
112 aa 3.1 3.2 0.2264 0.3052 0.4404 1.16 1.60 1.22 
Mean 3.9 3.6 3.2 0.3074 0.3743 0.4235 2.26 2.19 2.11 
S.D. +0.9 +0.6 +0.7 +0.0554 +0.0482 0.0837 


The resulting figure was 260 ml. per minute 
(17.6 ml. per minute per kilogram), a reduc- 
tion of 22.5 per cent (p < 0.001) from 
Stage I. In Stage III the renal blood flow 
was 235 ml. per minute (15.9 ml. per minute 
per kilogram). This value represents a 30 per 
cent (p < 0.001) decrease from base line. 
The change in glomerular filtration rate 
during the experiment was much less marked 
than that of the renal blood or plasma flows 
(Table II). The mean base-line value (Stage 
I) was 58 ml. per minute or 3.9 ml. per 
minute per kilogram. In Stage II 4 animals 
failed to exhibit any change and in 2 animals 
the filtration rates increased. ‘The mean value 
of 54 ml. per minute (3.6 ml. per minute per 
kilogram) showed an over-all reduction of 
7.0 per cent (p < 0.3) from Stage I. A more 
marked change occurred in Stage III when 


the mean value of 48 ml. per minute (3.2 
ml. per minute per kilogram) was a reduc- 
tion of 17 per cent (p < 0.02) from the 
value in Stage I. 

As one would expect from the PAH and 
inulin clearances, the filtration fraction in- 
creased from a control mean value of 0.3074 
to 0.3743 in Stage II and further to 0.4235 
in Stage III. The Stage II result is an in- 
crease of 22 per cent (p < 0.002) from 
Stage I and Stage III is 38 per cent (p < 
0.001) above the base-line level. 

The urine volumes remained relatively 
constant throughout the experiment, showing 
only a slight mean decrease in amount as the 
experiment progressed. Indeed, in 3 experi- 
ments the urinary output increased slightly. 
Prior to 1 experiment an animal was supple- 
mented by a 400 ml. infusion of 5 per cent 
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dextrose in water and the urine volume in- 
creased markedly in Stage ITI. 

The mean arterial blood pressure was not 
affected by either the filled intragastric 
balloon or gastric hypothermia. 


DISCUSSION 


The base-line renal plasma flow, renal 
blood flow, and glomerular filtration rate ob- 
tained in this study were slightly lower than 
the mean normal values determined in 75 
dogs by Houck.® Anesthesia is known to sig- 
nificantly affect renal hemodynamics and his 
values were obtained from trained, unanes- 
thetized dogs. The mean renal blood flow in 
the present study approximates the value of 
21.3 ml. per minute per kilogram in anes- 
thetized dogs which was reported by Smythe 
and his associates.** 

In Stage II the inflated intragastric balloon 
significantly affected renal hemodynamics. 
Fig. 1 graphically illustrates the “tam- 
ponade” effect on renal blood and plasma 
flows. The decreases in renal plasma flow and 
renal blood flow were essentially equal, ac- 
companied by an insignificant increase in 
_ large-vessel hematocrit. A less significant de- 
crease in glomerular filtration rate was asso- 
ciated with this marked decrease in renal 
blood and plasma flow resulting in an in- 
crease in filtration fraction. 

The mechanism or mechanisms responsible 
for the effect of Stage II are not clearly 
understood. The possibility of partial occlu- 
sion of the renal veins or inferior vena cava 
from the overlying weight of the intragastric 
balloon must be reasonably discarded, since 
Blake and associates? reported that fivefold 
elevations of venous pressure must be ob- 
tained before alterations in renal blood flow 
or glomerular filtration rate are observed. 
However, partial occlusion of the aorta or 
renal arteries due to “tamponade” may be 
involved. Also, inflation of the gastric balloon 
may initiate a reflex mechanism mediated by 
the splanchnic nerves and thereby cause the 
effects seen. However, at present, no evi- 
Jence is available to substantiate either of the 
‘atter 2 possibilities. Whatever the mecha- 
uism involved, intrinsic renal regulation 
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maintains the glomerular filtration rate at 
nearly normal levels. 

To demonstrate the effect of gastric hypo- 
thermia alone, the results from Stage II (in- 
flated balloon) and Stage III (gastric cool- 
ing) were compared. The differences showed 
that renal plasma flow was decreased 16 per 
cent (p < 0.001), renal blood flow was de- 
creased 7.5 per cent, and glomerular filtra- 
tion rate was decreased 10 per cent (p < 
0.05). In view of the depression in renal 
plasma flow, a decrease in glomerular filtra- 
tion rate might be expected since less plasma 
was presented to the glomeruli for filtration. 

In Fig. 1 the effects of gastric hypothermia 
on renal blood flow, renal plasma flow, and 
hematocrit are illustrated. A significant in- 
crease in large-vessel arterial hematocrit was 
noted after 1 hour of gastric cooling. ‘The 
red blood cell volume perfusing the kidneys 
per minute in Stage III has remained un- 
changed from Stage II, yet the plasma flow 
is further depressed. Renal blood flow is the 
product of renal plasma flow and the arterial 
hematocrit. Because of the rise in arterial 
hematocrit, renal blood flow was decreased 
less markedly than rena! plasma flow. 

An investigation of the effect of gastric 
hypothermia on circulating blood volume, in 
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Fig. 1. The effect of a filled intragastric balloon 
and gastric hypothermia on effective renal blood 
flow (ERBF), effective renal plasma flow (ERPF), 
and large-vessel arterial hematocrit (Hct). 
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which both plasma and red blood cells were 
tagged by radioactive materials, showed a 
marked depression in circulating plasma 
volume and a reduction in total blood 
volume.*® These results suggest that the 
effects of gastric cooling observed in the 
present study may be a manifestation of the 
more general circulatory effects of this form 
of cooling, and not alterations in intrinsic 
renal hemodynamics. 

The effects of generalized hypothermia on 
renal hemodynamics have been reported by 
several investigators.’ 1% 11 These studies 
show that there is a 50 to 60 per cent re- 
duction in renal blood flow and glomerular 
filtration rate in the temperature range of 
25° to 30° C. 

Thus it appears that the principal effect of 
intragastric cooling on renal hemodynamics 
is due to the inflated noncooled gastric 
balloon. This finding is in contrast to the 
investigations of gastric and hepatic blood 
flows in which the inflated balloon caused 
little or no effect and intragastric cooling 
resulted in a marked depression of blood 
flow.}* 15 

Clinically, from the findings of the present 
study it seems unlikely that renal ischemia 
could result from gastric hypothermia. Con- 
sidering the depression in renal plasma flow 
and glomerular filtration rate effected by this 
technique, accumulation of plasma-carried 
substances might result from decreased clear- 
ance by the kidneys. 


CONCLUSIONS 


1. Renal plasma flow, renal blood flow, 
and glomerular filtration rate were measured 
in normal anesthetized dogs under conditions 
of gastric hypothermia with maintenance of 
body temperature. 

2. Renal blood flow was decreased signif- 
icantly by a fluid-filled, noncooled gastric 
balloon. 

3. Gastric hypothermia causes a significant 
increase in large-vessel arterial hematocrit. 

4. Gastric hypothermia reduces signif- 
icantly renal plasma flow, but decreases renal 
blood flow to a lesser extent. 

5. Glomerular filtration rate remains rela- 
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tively unaffected by a fluid-filled noncoolec 
gastric balloon. 

6. Gastric cooling causes a depression in 
glomerular filtration rate. 
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Role of pancreatic and biliary juices 


in regulation of gastric 
secretion: pathogenesis 
of the Mann-Williamson 


ulcer 


he Mann-Williamson operation or 
duodenal drainage procedure remains one 
of the more reliable methods of producing an 
experimental peptic ulcer in dogs.* The 
ulcer, which appears on the jejunal side of 
the gastrojejunostomy within several weeks 


to several months after the duodenum has . 


been transplanted to the terminal ileum, is 
generally attributed to unopposed action of 
acid gastric juice because of diversion of 
alkaline duodenal contents from the gastric 
outlet zone. To explain the Mann-William- 
son ulcer by a change in the equilibrium of 
the pH of the gastric outlet zone seems 
plausible. However, there is some evidence 
which suggests that a more complex physio- 
logic disturbance in the gastrointestinal tract 
may be responsible. Several groups of in- 
vestigators have observed an increase in 
gastric secretion from Heidenhain pouches 
after a Mann-Williamson operation.” * * Re- 
moval of the duodenal mechanism of acid in- 
hibition has been considered responsible for 
this increase in gastric secretory activity.’ 
One dissenting opinion has been raised by 
Okinaka and associates’ who, working with 
a modified Mann-Williamson preparation, 
did not observe an increase in gastric secre- 
tion after duodenal drainage to the ileum. 
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Studies previously reported from _ this 
laboratory have shown that inhibition of 
gastric secretion normally produced by fat 
in the intestine fails to occur in the absence 
of pancreatic and biliary secretions from 
the proximal small intestine.? Obviously, in 
dogs which have undergone a Mann-Wil- 
liamson operation the proximal small in- 
testine is devoid of pancreatic and biliary 
juices and inhibition of gastric secretion by 
fat can no longer be expected to occur. 
Failure of this inhibitory mechanism could 
presumably cause an increase in gastric 
secretory activity. 

Our purpose in these studies was to de- 
termine whether or not an increase in gastric 
secretion occurs in dogs after diversion of 
biliary and pancreatic juices from the duo- 
denum without interfering with the duodenal 
acid inhibition mechanism. 


MATERIALS AND METHODS 


Denervated fundic (Heidenhain) pouches 
were constructed in 4 adult mongrel dogs. 
Strict asepsis was observed. Pouch secretions 
were drained via a metal-sheathed plastic 
cannula into a rubber bag changed every 
24 hours prior to feeding. The animals were 
fed a mixture of horse meat (450 Gm.) and 
dog meal (450 Gm.) at the same hour every 
day, including Sundays. Salt was added to 
the diet in the amount of 5 Gm. per 100 ml. 
of gastric juice secreted during the preceding 
24 hours. Daily collections of pouch secre- 
tions were started 3 weeks after the oper- 
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ation. The 24-hour output of gastric juice 
was measured, titrated for free hydrochloric 
acid concentration with T6pfer’s reagent, 
and the amount of free hydrochloric acid 
secreted per 24 hours was calculated. Also, 
the pouch output of free hydrochloric acid 
in response to a standard meal was measured 
at hourly intervals for a period of 5 hours 
after the meal. The hourly collections were 
then included in the total 24-hour output. 
Three such experiments were performed in 
3 dogs. After a 15-day control period the 
animals were again operated upon and a 
short (4 cm.) cuff of duodenum which in- 
corporated both pancreatic and biliary ducts 
was resected and transplanted: to the termi- 
nal ileum at a point 50 cm. proximal to the 
cecum (Fig. 1). Duodenal continuity was 
re-established by an end-to-end anastomosis. 
For the first 3 postoperative days the dogs 
were maintained on parenteral fluids. There- 
after, they were fed as before and pouch 
collections were resumed for another 15-day 
period. In addition to measurements of 24- 
hour pouch secretion, the hourly output of 
free hydrochloric acid in response to the 
standard meal was studied over a 5-hour 
period in 3 animals as described. After com- 
pletion of the second 15-day collection period 
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the dogs were again operated upon. Pancre- 
atic and biliary secretions were shunted back 
to the duodenum by mobilization of the duo- 
denal cuff which had been previously trans- 
planted to the ileum and anastomosis of it 
to the side of the duodenum after closure of 
its proximal end. Ileal continuity was re- 
established by an end-to-end anastomosis. 
Pouch collections were then resumed in the 
same manner as described in the 2 dogs that 
survived the third operation. 


RESULTS 


All 4 dogs exhibited an increase in the 
daily output of hydrochloric acid from the 
Heidenhain pouches after diversion of pan- 
creatic and biliary juices to the ileum. In- 
creases in the average daily output after 
the shunt ranged from 80 to 566 per cent. 
After pancreatic and biliary juices were 
shunted back to the duodenum, the secretory 
rate of the pouches immediately returned 
to control levels in the 2 dogs which survived 
the third operation (‘Table I, Fig. 2). In the 
3 animals in which the hourly response of 
the Heidenhain pouch to the standard meal 
was studied, the pattern of the response 
was considerably altered by the diversion of 
pancreatic and biliary secretions to the 


Fig. 1. Schematic representation of experimental preparation used in this study. 
A, Construction of Heidenhain pouch. B, Diversion of pancreatic and biliary juices 
to ileum by transplantation of a short cuff of duodenum which incorporates pancreatic 
and biliary ducts to terminal ileum. C, Pancreatic and biliary juices returned to 


duodenum. 
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Table I. Twenty-four hour output of free hydrochloric acid from Heidenhain 


pouches 
Biliary and pancreatic secretions shunted to | Biliary and pancreatic secretions 
Control period terminal ileum shunted back to duodenum 
No. Av. 24 hr. No. Av. 24 hr. % devi-| No. Av. 24 hr. 
24hr. | output of | 24hr. | output of ation | 24hr. | output of 
Dog | collec-| free HCl | collec-| free HCl |Significance| from | collec-| free HCl | Significance 
No. | tions (x1)* tions (x2)* of X2-x1 controls | tions (x3)* of X2-Xs 
15 5.5+2.4 15 21.3440 p< 0.001 +287 — 
2t 15 15 16.4450 p< 0.001 + 80 — 
3 15 15212 15 10.045.2 p< 0.001 +566 15 3.5420 p< 0.001 
4 15 0.7+0.5 15 3.5414 p< 0.001 +400 15 0440.4 p< 0.001 


*Milliequivalents + standard deviation. 
+Dog did not survive third operation. 


Table II. Hourly output of free hydrochloric acid from Heidenhain pouches in 


response to a standard meal 


Pancreatic and biliary secretions 
shunted to terminal ileum 


Pancreatic and biliary secretions - 
reshunted to duodenum 


Control period (mEq.) (mEq.) (mEgq.) 
Dog| O*-1 | 1-2 | 2-3 | 3-4 | 4-5 | O*-1 | 1-2 2-3 | 3-4 | 4-5 | O*-1 | 1-2 2-3 | 3-4 | 4-5 
No.} hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. hr. 
1¢ 0.00 0.04 1.02 039 0.50 0.15 1.30 1.97 1.68 2.41 — — see — = 
0.00 0.5 0:08 6.33 108 O17 O80 41.71 %129 1.18 — ome 
0.00 0.8 0.75 — 0.47 0.42 1.33 1.87 149 105 — ees ase = a 
3 0.00 0.14 0.1 0.07 0.06 0.57 O81 0.67 0.57 0.00 0.00 0.02 0.07 0.20 0.30 
0.00 0.00 0.02 0.01 0.03 0.50 069 0.35 0.34 0.24 0.02 0.19 0.15 0.20 0.23 
0.00 0.00 0.07 0.04 0.03 1.04 1.51 0.87 0.60 0.73 0.00 0.10 0.16 0.13 0.36 
4 0.00 0.00 0.00 0.00 0.01 0.03 0.10 0.12 0.27 0.13 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.01 0.10 0.20 0.50 0.30 0.00 0.00 0.00 0.00 0.00 
0.00 0.07 0.36 0.50 0.46 0.00 6.00 0.00 0.00 0.00 


*Meal given at hour 0. 


+Dog did not survive third operation. 


ileum. In all 9 experiments the 3 dogs showed 
a more active and more sustained secretory 
rate than during the control period. After 
the third operation the secretory response 
of the pouches to the same meal returned 
to control levels in the 2 surviving animals 


(Table II, Fig. 3). 
DISCUSSION 


It can be concluded from these data that 
gastric secretory activity is increased when 
pancreatic and biliary secretions are absent 
from the proximal small intestine. Our re- 
sults confirm those of other workers who 
have observed an increase in gastric secre- 
tion in dogs after a Mann-Williamson oper- 
ation.” * In the classic Mann-Williamson 


operation, the entire duodenum is removed 
from its normal intestinal continuity and 
anastomosed to the terminal ileum.* With 
this preparation 2 important physiologic 
changes take place in the gastrointestinal 
tract. Duodenal juices are absent from the 
proximal small intestine. Also, the duodenum, 
being removed from the acid stream, be- 
comes predominantly alkaline and would 
no longer be capable of exerting on the 
stomach the inhibitory influence initiated 
by a low duodenal pH (duodenal acid in- 
hibition phenomenon). The former change 
is an obvious one, the latter is more theoreti- 
cal in nature. Dragstedt and associates, who 
have observed an increase in acid output 
from Heidenhain pouches after a Mann- 
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Average Cally output of HCI Average daily output of HCI Average daily output of HC! 
g 0.7 mEq. 3.5 mEq. 0.4 mEq. 
% CHANGE 
+ 400% 
5 SHUNT TO ILEUM ~, 1 SHUNT BACK TO DUODENUM 


FREE HC! IN mEq. 


20 25 30 35 
24 HOUR COLLECTION PERIODS 


Fig. 2. Graphic representation of daily output of free hydrochloric acid from 
Heidenhain pouch in Dog 4 shows increase in gastric secretory activity after diversion 
of pancreatic and biliary juices to the ileum and disappearance of gastric hyper- 
secretion after these juices were returned to duodenum. 


FREE IN mEq 


BEFORE SHUNT AFTER SHUNT BACK TO DUODENUM 
4b 
3e 
AFTER SHUNT TO ILEUM 
0 T T T T T T T y T T 
1 2 3 4 5 1 2 3 4 5 1 3 4 5 
HOURS AFTER MEAL 


Fig. 3. Graphic representation of secretory response of Heidenhain pouch to a 
standard meal (Dog 3) shows pronounced increase in secretory response to the meal 
after diversion of pancreatic and biliary juices to the ileum and reversion to control 


values of the secretory response after these juices were shunted back to the 
duodenum. 
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Williamson operation, believe that this 
gastric hypersecretion is due to the absence 
of gastric inhibition which occurs under 
normal conditions when gastric acid comes 
in contact with duodenal mucosa. In our 
preparation, the anatomic continuity of the 
duodenum was disturbed only by a short 
duodenal cuff which incorporated both 
pancreatic and biliary ducts. Under these 
experimental conditions, the major physio- 
logic change in the intestinal tract was diver- 
sion of pancreatic and biliary secretions from 
the proximal small intestine. The resulting 
augmentation of secretion exhibited by the 
Heidenhain pouches was of the same order 
of magnitude as observed by Dragstedt and 
his associates after a classic Mann-William- 
son operation.’ Therefore, our results sug- 
gest that gastric hypersecretion present in 
Mann-Williamson dogs is not due merely 
to removal of the duodenal acid inhibition 
mechanism (if indeed such a mechanism is 
operative within the physiologic range of 
duodenal pH). The logical inference is to 
consider the absence of pancreatic and 
biliary juices from the small intestine re- 
sponsible for the gastric hypersecretion by 
some as yet unexplained mechanism. The 
increase in the hourly output of acid after 
a standard meal which was observed in the 
absence of pancreatic and biliary juices from 
the proximal small intestine suggests that 
the pouch mucosa was responding to a 
greater humoral stimulus or that somé 
humoral inhibitory mechanism was impaired. 
The antrum would be one obvious source 
of increased humoral stimulus. However, re- 
cent experiments from Dragstedt’s labo- 
ratory showed that gastric hypersecretion 
produced by classic Mann-Williamson oper- 
ation was not prevented by antrectomy.* A 
humoral secretagogue of intestinal origin 
could also be invoked. This does not seem 
likely in view of the rather small amount 
of gastric secretion of intestinal origin even 
under conditions of normal digestion. 
Therefore, one must consider the possi- 
bility that this hypersecretion was due to 
normal antral function unopposed by the 
inhibitory mechanisms which operate under 
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physiologic conditions. As mentioned in our 
introductory statements, we have found in 
working with rats that fat in the intestine 
failed to inhibit gastric secretion when pan- 
creatic and/or biliary secretions were absent 
from the small intestine.® Extending this 
work to dogs, we observed that fat, carbo- 
hydrate, and protein in the form of olive 
oil, starch, and albumin were capable of de- 
creasing histamine-stimulated Heidenhain 
pouch secretion when introduced into the 
duodenum. This inhibition failed to occur 
after pancreatic and biliary secretions had 
been diverted to the ileum.® These data 
suggest the existence of an intestinal in- 
hibitory mechanism related to and dependent 
upon proper digestion of food substances. 
Impairment of digestion due to absence of 
pancreatic and biliary secretions from the 
small intestine, as in our experimental prepa- 
ration, or as in the classic Mann-Williamson 
operation, would result in the loss of this 
intestinal inhibitory mechanism. The stomach 
would then lose a braking mechanism and, 
like a machine with a broken governor, 
would hypersecrete excessively with each 
meal. We suspect that the absence of this 
intestinal inhibitory mechanism which is de- 
pendent upon food digestion is responsible 
for the gastric hypersecretion characteristic 
of the Mann-Williamson operation. In all 
probability this hypersecretion, unopposed 
by alkaline juices at the gastric outlet zone 
is, in turn, responsible for the Mann-Wil- 
liamson ulcer. 


SUMMARY 


Denervated fundic (Heidenhain) pouches 
were constructed in 4 dogs. Twenty-four 
hour collections of pouch output were made 
over a 15-day control period. After this 
control period pancreatic and biliary juices 


_were diverted to the terminal ileum by 


transplantation of a short duodenal cuff 
which incorporated both pancreatic and 
biliary ducts to the ileum at a point 50 cm. 
proximal to the ileocecal valve. After this 
procedure, all dogs exhibited a substantial 
increase in the 24-hour output of free hydro- 
chloric acid from the Heidenhain pouches. 
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This gastric hypersecretion disappeared after 
pancreatic and biliary juices were returned 
to the duodenum. In this preparation the 
major portion of the duodenum was left in 
its normal continuity. Therefore, it is con- 
cluded that gastric hypersecretion charac- 
teristic of the Mann-Williamson animal is 
not due solely to removal of the duodenal 
acid inhibition mechanism. Etiology of this 
hypersecretion may be the loss of intestinal 
inhibitory mechanisms which are dependent 
upon proper digestion of food substances. 
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Portacaval shunt 1n the rat 


ertain precise physiologic and meta- 
bolic studies related to portacaval shunting 
have been hampered by the necessity of re- 
sorting to the use of the dog and other large 
test animals in which the creation of con- 
trolled experimental conditions is at best 
difficult. It would be advantageous, par- 
ticularly in investigations related to liver 
regeneration, if the Eck fistula could be per- 
formed on the laboratory rat. In fact, the 
stimulus to perfect such a technique arose 
from our interest in (1) evaluating in 
animals with shunts the humoral factor which 
has been reported to be associated with liver 
regeneration,” ® 71° and (2) evaluating the 
experiments of Weinbren’? which suggest 
that, contrary to the reports of numerous 
prior investigators,* liver deprived of its 
portal blood supply is capable of regenera- 
tion. 

The purpose of this report is (1) to de- 
scribe a technique for portacaval shunt in 
the rat which has been performed over 100 
times during the past year and a half (by 
S. H. L.) with an operative mortality rate 
of less than 5 per cent and by which shunts 
have remained patent indefinitely, and (2) 
to present certain observations made on 
animals with such shunts. 


METHOD 
Surgical techniques. End-to-side and side- 


to-side portacaval shunts were performed on 
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Sprague-Dawley rats which weighed more 
than 140 Gm. Clean, but not sterile, surgical 
technique was used in animals anesthetized 
with ether. The abdomen was opened and 
the intestines retracted laterally to expose 
the portal vein and vena cava, the anatomic 
relationships of which are shown in Fig. 1, A. 
After mobilization of the portal vein with 
ligation of its coronary venous tributary and 
partial freeing of the vena cava at and above 
the entrance of the renal vein, these vessels 
were occluded (Fig. 1, B). A small hemostat, 
curved to resemble a Satinsky blood vessel 
clamp, was used on the vena cava, and a 
mosquito hemostat was placed across the 
portal vein. The blades of both clamps were 
ground and polished to reduce their thick- 
ness, and they were rubber shod. An elliptical 
opening was made in the vena cava, the 
portal vein was severed after ligation of the 
end proximal to the liver, and an anastomosis 
was performed with No. 7-0 braided silk 
attached to 2 three-eighths circle taper 
needles.* Over-and-over stitches were em- 
ployed. After removal of the clamps oozing 
was readily controlled by a few moments of 
slight pressure with a gauze sponge. The 
portal vein was completely occluded for from 
10 to 12 minutes. 

The technique for side-to-side shunt was 
identical to that for end-to-side anastomosis, 
except that an elliptical opening was made 
in the portal vein and this vessel was easily 
approximated to the vena cava in longi- 


*David and Geck (American Cyanamid). 


<4 i 
| 


Volume 50 
Number 4 


A 


Portacaval shunt in rat 669 


Fig. 1. Technique of portacaval shunt in the rat. A, Anatomic relationships of portal vein and 


vena cava. B, Microsuture technique. 


tudinal fashion. For visual aid a binocular 
magnifier with a 2.25 diameter magnification 
and a 10 inch focal length was worn by the 
operator. 

After shunting, animals were maintained 
on an ad libitum chow checker diet, except 
those for which food consumption was re- 
corded. These received measured amounts of 
ground chow. All animals were housed in 
separate cages and permitted water as de- 
sired. At intervals splenoportograms or 
mesenteric portograms were performed to 
determine patency of the shunts. These were 
accomplished by insertion of a 21 gauge 
needle into either the splenic pulp or a tribu- 
tary of the mesenteric vein. Attached to the 
needle was a length of polyethylene tubing 
through which 1.25 ml. of radiopaque 
material (70 per cent Urokon) was injected. 
Roentgenograms were taken with exposure 
factors of 50 kv., 50 Ma., one-twentieth 
second, and a target film distance of 29 
inches. 

Blood ammonia determinations were made 
in duplicate on 0.5 ml. of blood drawn from 
the femoral vein. Submicrodiffusion units 
were used, and ammonia level was deter- 
mined by the technique described by Conway.‘ 

Liver analyses were carried out in the 


conventional fashion already described from 
this laboratory® and by Gurd and associates* 
in their work on liver regeneration. Sections 
of liver were examined by use of routine 
histologic techniques. 


RESULTS 


None of the animals in which technically 
satisfactory end-to-side portacaval shunts had 


Fig. 2. Splenoportograms in normal rats. 
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Fig. 3. Splenoportograms taken 4 months after 
shunt. 


Fig. 4. Splenoportograms taken A, 5 months after 
shunt, and B, 7 months after shunt (note retro- 
grade filling of hepatic veins). 


been performed demonstrated closure of the 
shunts when followed for as long as 7 
months. Representative splenoportograms 
from normal rats and those with shunts ob- 
served from 4 to 7 months (Figs. 2 through 
4) demonstrate patency of the shunts, and no 
evidence of portal collaterals was observed 
in such animals. 

While animals with shunts appeared well 
and healthy, weight curves demonstrated a 
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striking difference from that observed in 


control rats. By 1 week all 6 animals with _ 


sham operation which had been fed ac 
libitum exceeded their preoperative weight: 
and continued to gain, so that by 3 months 
they had almost doubled their body weights 
(Fig. 5, A). Those subjected to end-to-side 
shunt lost weight postoperatively—some pre- 
cipitously (Fig. 5, D and E), some gradually 
(Fig. 5, B)—and did not return to their 
preoperative weights for from 2 to 3 months. 
An occasional animal (Fig. 5, F) did not 
lose weight, but did fail to gain for the first 
few months. With return to the preoperative 
level, body weights tended to plateau so that 
no additional substantial weight gains were 
observed in animals followed for as long as 
5 months. 

In several animals food consumption was 
recorded at intervals after shunting. Sham 
control rais consumed from 17 to 22 Gm. of 
food per day while continuing to gain ap- 
proximately 2 Gm. of weight per day. Three 
to 4 months after shunting these animals ate 
an average of 18 Gm. of food each day with 
no appreciable weight increase. 

Seventeen normal rats were found to have 
a blood ammonia level of 2.2 + 0.6 y per 
milliliter. By 60 to 90 days after shunting 
(end-to-side) this valve had increased to 6.1 
+ 1.6 y per milliliter, where it remained in 
subsequent determinations. 

Composition of the liver 5 to 144 days 
after portacaval shunt was little different 
from that of normal control animals (Table 
I). Aside from the fact that the size of the 
liver, when expressed in terms of per cent of 
body weight, was smaller in animals with 
shunts than in control rats, no marked differ- 
ence in fat, protein, glycogen, or water was 
apparent. Microscopic examination of livers 
from such animals with long-term shunts 
showed a slight increase of fat in some but no 
increased alteration from normal (Fig. 6). 


DISCUSSION 


To our knowledge this is the first report 
of the successful creation of Eck fistulas, 
which remained indefinitely patent, in rats 
by a technique similar to that used in human 
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Table I. Composition of liver after end-to-side portacaval shunt in the rat 


- 
Ne. % bob Composition of liver (Yo wet weight) 
rats shunt weight Water | Protein | Fat | Glycogen 
Controls 25 -- 3.2 70.1 20.3 3.5 3.6 
Rats with shunts 5 134 2.3 69.9 21.6 2.8 3.1 


beings. In 1946, Whitaker'* reported, the 
creation of such fistulas by piercing the 
lumina of the inferior vena cava and superior 
mesenteric vein with a curved needle and 
attached suture. The latter, which had been 
passed through both veins, was _ firmly 
ligated. Several days later, the proximal 
portal vein was tied off. This technique, 
however, prove unreliable’? and its use has 
not been productive. 

Recently Bono and his group* demonstrated 
that cirrhotic rats develop portal hyper- 
tension and a hemodynamic response which 
is practically indistinguishable from that seen 
in human beings with this condition. Cer- 
tainly only through such an experimental 
model can it be expected that further 
progress in our understanding of the patho- 
logic physiologic aspects of portal hyperten- 
sion will be made. It is anticipated that 
studies now being conducted in this labora- 
tory in which end-to-side and_ side-to-side 
portacaval shunts are performed on such 
cirrhotic animals as described by Bono and 
his colleagues will contribute to a_ better 
understanding of the value of such opera- 
tions for portal hypertension. 

In this laboratory past experience in main- 
taining dogs with portacaval shunts for pro- 
longed periods has been similar to that of 
others. Animals lose or do not gain weight, 
present nutritional problems, and readily be- 
come debilitated. Of interest and worthy of 
further investigation is our observation that, 
after shunting, rats maintained under ideal 
circumstances failed to gain weight, in spite 
of the fact that food consumption was not 
dissimilar to that of control animals. The 
possibility of impaired intestinal absorption 
after Eck fistula construction is to be con- 
sidered. 

Thus, with the availability of this tech-- 
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Fig. 5. Weekly weight charts from control rats 
(A) and those with portacaval shunts (B through 
F). 


Fig. 6. Microscopic section of liver which was 
taken from rat 7 months after portocaval shunt. 
(x150; reduced 4.) 
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nique for portacaval shunt in the rat, it, is 
anticipated that more precise data regarding 
nutrition, hepatic regeneration, and metabolic 
and physiologic parameters consequent to 
Eck fistula construction will be forthcoming. 


SUMMARY 


Portacaval shunt, carried out by a tech- 
nique similar to that employed in the human 
being, has been performed with a minimum 
of deaths. Animals observed for as long as 7 
months demonstrated patency of the Eck 
fistulas. While maintaining the appearance of 
good health, these animals failed to gain 
weight in a fashion comparable to that ob- 
served in control rats. Data concerning food 
consumption, liver composition, blood am- 
monia levels, and histologic study are pre- 
sented. It is anticipated that more precise 
information on liver regeneration and certain 
metabolic and physiologic parameters sub- 
sequent to Eck fistula formation in both 
normal and cirrhotic animals will be ob- 
tained in a controlled fashion which was 
previously most difficult in larger animals. 
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cute renal insufficiency is one of the 
major complications of aortic operations, par- 
ticularly in elderly patients who undergo 
aneurysmectomy and replacement grafting.’ 
Serious renal complications have been en- 
countered after this procedure on our surgi- 
cal service and have focused attention on this 
problem. We chose to investigate it with 
radioactive compounds selectively secreted 
by the kidney™ in acute dog experiments. 


EQUIPMENT 


Measuring equipment consisted of matched 
collimated probes (1% by 1 inch sodium 
iodide [T1] crystals), matched rate meters, 
and a dual rectilinear chart recorder. The 
crystals were recessed 7.0 cm. from the face 
of the cone, which had an aperture of 8.4 cm. 


METHODS 


Our initial approach to the problem was 
to investigate this syndrome in dogs anes- 
thetized intravenously with pentobarbital 
sodium. A midline laparotomy was _per- 
formed. The kidneys were located and 
marked externally for ease in positioning the 
scintillation detectors. An umbilical tape 
ligature was placed about the aorta below 
the origin of the renal arteries. Ureteral 
catheters were then passed up the ureters 
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of aortic clamping 


via a cystotomy wound, and minute-to-min- 
ute urine collections made before, during, 
and after each experimental procedure. 

The external scintillation probes were 
positioned over the kidneys, 1 pc. per kilo- 
gram of orthoiodohippuric acid I’* injected 
intravenously, and an external “renogram” 
performed. The renogram was continued 
until an excretory plateau was reached 
(about 20 minutes). Interpretation of the 
curves was performed by a previously de- 
scribed method.** 

The umbilical tape was tightened to oc- 
clude the aorta and the renogram repeated 
1 or more times during the occlusion. The 
ligature was then removed from the aorta 
and the renogram repeated 2 or more times. 

This experiment was performed in 9 dogs 
with clamping intervals of from 20 minutes 
to 1 hour. A typical result is shown in the 
upper sequence of curves of Fig. 1 (control). 

In an effort to prevent the deterioration 
of the renogram pattern, 4 methods were 
utilized just prior to aortic clamping; (1) 
administration of a ganglionic blocking 
agent (phenoxybenzamine*) intravenously 
(0.1 mg. per kilogram) in 3 dogs; (2) ad- 
ministration of 2 per cent Procaine infiltrated 
into the tissues of 1 renal pedicle (1.0 to 1.5 
ml.) in 2 dogs (with the other kidney as a 
control); (3) administration of small 
amounts of normal saline solution infiltrated 
into the tissues of 1 renal pedicle (1.0 to 


*Provided as Dibenzylene by Smith Kline & French 
Laboratories. 
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1.5 ml.) in 2 dogs; and (4) administration 


of large volumes of normal saline solution 
infiltrated into the tissues of 1 renal pedicle 
(4 to 6 ml.) in 2 dogs. 


RESULTS AND ANALYSIS 


In the control experiments, consistent re- 
sults were obtained bilaterally in all 9 dogs. 
Immediately after ligation of the aorta, there 
was a significant increase in the height and 
apparent function as measured by the reno- 
gram. This transient change in the renogram 
was soon superseded (in 10 to 20 minutes) 
by a gradual deterioration of the renogram 
pattern first evidenced in the excretory 
phase with a so-called “obstructive pattern.” 
With continued clamping, the over-all 
height was diminished and the secretory and 
the excretory phases markedly prolonged, 
indicating diminished renal function. After 
the removal of the clamps, there was a grad- 
ual return toward normal function over a 
period of the next several hours. The rapid- 
ity of this return to the normal was not 
directly related to length of clamping time 
in our limited experience. 

Administration of phenoxybenzamine in- 
travenously did not prevent the transient 
“increase in function” as seen by the reno- 
gram. The increase in height of the complex 
was followed by a return to normal condi- 
tions bilaterally. 

Administration of Procaine into 1 renal 
_pedicle resulted in the curves shown in Fig. 
1. As is evident from the illustration, the 
unprotected kidney (left) went through the 
control cycle. The protected side (right) 
followed the same course that the phenoxy- 
benzamine protection produced. 

The dogs which received infiltration of 
small amounts of normal saline solution in 
the renal pedicle showed no alteration from 
the course observed in the control side. 
However, distention of the renal pedicle with 
larger doses of normal saline produced re- 
sults similar to those seen with Procaine. 


DISCUSSION 


In response to clamping of the aorta below 
the origin of the renal arteries, there is a 
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transient increase in vascular distending 
pressure and in renal blood flow. These 
changes are evidenced on the renogram by 
an increase in the height of the complex 
with an unchanged time relationship of the 
component parts of the curve. During the 
next phase there is a decreased renal blood 
flow and decreased urine output, with no 
change in the concentrating ability of the 
tubules. This is evidenced in the renogram 
by return of the height of the complex to 
control or below control height without 
change in the time intervals of the vascular 
or secretory phases, but with prolongation 
of the excretory phase. This reflex increase 
in renal resistance has been believed to be 
of etiologic significance in the development 
of acute tubular necrosis.° 

The results of the attempts to alter the 
deterioration of the pattern of the renogram 
demonstrated that these changes were pre- 
ventable with phenoxybenzamine or by the 
injection of a local anesthetic into the renal 
pedicle. Distention of the renal pedicle with 
a large volume of saline solution apparently 
produces the same result (this may be due 
to either mechanical compression of nerve 
conduction or alteration of transmural pres- 
sure). These studies confirm the previous ob- 
servations” * that the diminution in renal 
function which follows acute aortic occlusion 
is probably partially mediated by the renal 
nerves. Haddy’s group* is at variance with 
these findings in that renal nerve section did 
not alter the initial decrease and subsequent 
increase in renal resistance. The local renal 
vascular receptor and the autoregulatory 
mechanism of the kidney may resolve this 
apparent variance.*"?° 

Ganglionic blocking agents have the pos- 
sible disadvantage of producing systemic 
hypotension.‘ Infusion directly into the renal 
artery is a means by which this hazard could 
possibly be lessened.’ 

Because all patients subjected to aortic 
clamping do not develop renal damage, it 
is difficult to assess the prophylactic effects 
of anesthetic agents or inert materials in- 
filtrated into the renal pedicle. Serial reno- 
grams taken during such procedures might 
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Fig. 1. Serial renograms obtained with the right renal pedicle injected with Procaine 
before, during, and after aortic occlusion below the level of the renal arteries. 


clarify the problem and permit further as- 
sessment of renal function during aortic 
operations. 


SUMMARY AND CONCLUSIONS 


1. Clamping the aorta below the level 
of the origin of the renal arteries causes 
initially “improved” renal function, as 
judged by the renogram. 

2. In 10 to 20 minutes, there occurs a 
progressive deterioration of the renogram 
pattern and diminished urine flow. 

3. This secondary response may be abol- 
ished by the intravascular administration 
of phenoxybenzamine, or by the injection of 
the renal pedicle with a local anesthetic or 
a large volume of saline solution. 

4. We believe this syndrome of transient 
renal failure may be similar to that en- 
countered in the human being under similar 
situations and may be preventable by the 
same measures. 


We are grateful for the technical assistance 
of Claudius D. Walker, B.S. 
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Surgical fact or fancy. I. Fate of 


cholecystojeyunostomy 
in the absence of 
common bile duct 


obstruction 


ducation of a surgeon through the 
years, and to a large degree even today, has 
been based upon the passing of knowledge 
from master to pupil. Often principles which 
determine basic procedures have come 
through several generations and are accepted 
without question. The purpose of our series 
of experiments was to separate surgical fact 
from fancy. Re-evaluation of accepted 
maxims which are being questioned by a new 
generation of surgeons is worth while, re- 
gardless of the results. 

The performance of a cholecystojejunos- 
tomy in the absence of biliary tract obstruc- 
tion has its place in the management of neo- 
plastic and inflammatory diseases which are 
eventually expected to obstruct the common 
bile duct. Nonresectable pancreatic and 
gastrointestinal neoplasms are the most com- 
mon indications. Surgical preceptors and the 
surgical literature criticize this procedure 
“because the anastomosis will close in the 
absence of obstruction.” Is the latter maxim 
surgical fact, or fancy? 


METHOD OF STUDY 


With Nembutal anesthesia, side-to-side 
cholecystojejunostomies were performed on 
6 healthy dogs. The anastomoses varied in 
diameter from 2 to 5 cm., depending upon 
the size of the gall bladder. Two-layer anas- 
tomoses were performed with the inner layer 
of either continuous or interrupted No. 4-0 
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chromic catgut sutures and the outer layer 
interrupted No. 5-0 silk sutures. The site 
of anastomosis was from 6 to 12 inches from 
the ligament of Treitz. 

All of the animals recovered well from 
the operation with the exception of 1 dog 
that ate poorly for several days. They were 
fed the usual laboratory diet. | 

Re-exploration was performed at 5 to 9 
months after creation of the anastomosis. 
Patency of the anastomoses was first estab- 


Fig. 1. Specimens from Dogs 4B and 5B which 
show patent cholecystojejunostomies (A) and ab- 
sence of obstruction in common bile duct (B) and 
at the ampulla of Vater (C). 
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Table I. Data on 6 dogs with cholecystojejunostomies 


Diameter of anastomoses (cm.) 


Interval between 


Dog. At original Time of operation and 

No. operation sacrifice sacrifice (mo.) Comments 

1B 3.5 2 8% Debris in gall bladder 

2B a3 1.5 7 Debris in gall bladder and common bile duct; 

common bile duct appeared dilated but was 

thin-walled 

3B 2.5 1.0 7% Some foreign material in gall gladder 

4B 4.5 3 5 Gall bladder filled with debris 

5B aa 1.5 6 Debris present in gall bladder 

6B 3 2.0 6% Mucosal bridge across anastomoses; suture in- 


corporating anterior and _ posterior walls 
clearly demonstrated 


lished by injection of saline solution into the 
jejunum while the intestine above and be- 
low the cholecystojejunostomy was occluded. 
The anastomosis and the biliary tract were 
then dissected after the animal had been 
sacrificed. 


RESULTS 


The cholecystojejunostomy stoma was pat- 
ent in all 6 animals. Saline solution passed 
easily from jejunum into the gall bladder. 
Table I lists the diameter of the anastomoses 
at postmortem examination and at the orig- 
inal procedure. In Dog 6B a bridge was 
found across the center of the patent stoma. 
It could be demonstrated that the posterior 
wall had been incorporated during place- 
ment of the anterior inner layer of sutures. 
In spite of this, stomas 0.5 cm. in diameter 
were present on both sides of the mucosal 
bridge. 

Dissection of the biliary tracts showed the 
absence of any obstruction (Fig. 1). Probes 
were easily passed from the gall bladder 
into the duodenum. 

In all of the dogs except Dog 6B, par- 
tially digested debris was present in the gall 
bladder. There was no evidence of any gross 
inflammation of the gall bladders or extra- 
hepatic ducts. Grossly the livers appeared 
to be normal. Microscopically there was 
minimal infiltration of the periportal spaces 
by chronic inflammatory cells in Dogs 2, 
5, and 6. 


DISCUSSION 


Based upon this experiment it appears 
that a cholecystojejunostomy performed 
the absence of common duct obstruction will 
remain patent for at least 6 to 9 months in 
dogs. Certainly most inoperable neoplasms 
in man for which the procedure might be 
indicated would have involved the common 
duct or caused death within this period. The 
diameters of the anastomoses suggest that 
the stomas would have remained patent 
much longer, if not indefinitely. The pres- 
ence of food debris within the gall bladder 
supports the use of the Roux Y type anas- 
tomosis or an enteroenterostomy with the 
side-to-side cholecystojejunostomy. The 
minimal evidence of ascending cholangitis 
is probably not applicable to man because 
of differences in bacterial content of the 


portal blood and _ liver. 
SUMMARY 


1. The statement that a cholecystojeju- 
nostomy will not remain patent in the ab- 
sence of biliary obstruction has been ques- 
tioned. 

2. Cholecystojejunostomies were created 
in 6 dogs and were patent 5 to 9 months 
later. Absence of any biliary obstruction was 
proved at re-exploration. 

3. Experimental observations show definite- 
ly that a cholecystojejunostomy performed in 
anticipation of common bile duct obstruction 
can be expected to remain patent. 
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Pediatric surgery 


Conducted by MARK M. RAVITCH, M.D. 


Idiopathic muscular hypertrophy of 


the gastrointestinal tract 


in a child 


diopathic muscular hypertrophy of any 
portion of the gastrointestinal tract except 
the pylorus is rare, and most reported in- 
stances have occurred in elderly adults with 
only a short segment involved. After finding 
extensive and massive hypertrophy of the 
muscularis of the gastrointestinal tract in a 
small child, we searched the literature and 
found only 1 previously recorded similar 
case. Review of the medical records of the 
Charity Hospital of Louisiana at New Or- 
leans revealed no previous case of muscular 
hypertrophy of the bowel except of the py- 
lorus. 

Hypertrophy of the muscularis may be 
classified as primary (idiopathic) or sec- 
ondary. Manifestations of primary hyper- 
trophy vary with the location of the lesion. 
In hypertrophic pyloric stenosis of infants 
or adults, the hypertrophy causes obstruction ; 
in other portions of the gastrointestinal tract, 
however, primary lesions apparently neither 
cause nor result from obstruction, as the 
hypertrophy was an incidental finding at 
autopsy in most of the reported cases. 

Secondary hypertrophy is seen in the di- 
lated segment of bowel immediately proximal 
to an acquired chronic partial obstruction or 
a congenital partial or complete obstruction. 
‘This compensatory hypertrophy results from 
the obstruction. 
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The present case is exceptional in that the 


- condition was found at laparotomy in a 
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child with protracted vomiting. Extensive 
idiopathic hypertrophy in this patient was 
most prominent in the muscularis of the 
duodenum and jejunum. 


CASE REPORT 


B. R., a 4-month-old white pseudohermaphro- 
dite who was later found to be a male, was ad- 
mitted on Sept. 13, 1955, because of vomiting, 
weight loss, and constipation. The constipation 
had been present since birth and the vomiting 
had begun 2 weeks later. Both had become pro- 
gressively more severe until, at the time of ad- 
mission, no stool was passed spontaneously and no 
food was retained. 

Prenatal history was not remarkable. Birth 
weight was 7% pounds. One clder sibling was 
normal. 

Physical examination showed the infant to be 
poorly nourished, poorly developed, and mod- 
erately dehydrated. He weighed 6 pounds, 14 
ounces. The uvula was bifid and the second and 
third toes webbed bilaterally. Heart and lungs 
were normal. There were marked peristaltic waves 
across the epigastrium, a palpable pyloric tumor, 
and “a firm, cordlike structure palpated from the 
umbilicus to the suprapubic region.” Bilateral in- 
guinal masses were thought to be gonads. The 
clitoris was hypertrophied and the fused labia 
Heshy and saclike. The urethral (vaginal?) meatus 
was just below the phallus. No uterus could be 
palpated on rectal examination. 

Results of a routine blood count, urine analysis, 
and serum electrolyte determinations were not re- 
markable except for a low potassium level (3.7 
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mEq. per liter). Excretory urogram and cystogram 
were normal, and a gastrointestinal series showed 
gastric retention. 

Because 24-hour urinary excretion of 17-keto- 
steroids (1.4 mg.) and corticoids (0.13 mg.) was 
considered suggestive of adrenal hyperplasia, 
cortisone was given before, during, and after 
operation. 

After appropriate intravenous therapy, opera- 
tion was performed under local anesthesia on 
Sept. 23, 1955. The pyloric tumor was said to 
be much larger than it had felt through the ab- 
dominal wall, and a Ramstedt pyloromyotomy 
was carried out. Since no other viscera were men- 
tioned in the operative note, it is assumed that 
the abdomen was not explored and .that the na- 
ture of the “cordlike structure” was not deter- 
mined. 

The infant did well postoperatively in spite of 
the fact that the serum potassium level remained 
low. The parents refused further investigation and 
removed the patient from the hospital on Oct. 8, 
1955. 

The patient was next admitted on July 1, 
1957, at the age of 2 years because of vomiting 
for 6 months, weight loss, and febrile convulsions. 

The child was microcephalic and retarded both 
mentally and physically. The chest was normal. 
The abdomen was not distended but the “spleen” 
was felt 2 or 3 cm. below the costal margin. 

Blood count and urine examination were nor- 
mal. Results of blood chemistry studies were 
within normal range except that the potassium 
level was 4.1 mEq. per liter. Gastrointestinal series 
was strongly suggestive of continued pyloric ob- 
struction. Urinary 17-ketosteroids were 1.6 mg. in 
24 hours (upper limit of normal for age). Skin bi- 
opsy failed to show any female chromatin in the 
nuclei, 

Vomiting was controlled with tincture of bella- 


donna and the patient was discharged on Aug. 7, 
1957. 


On the third admission, on July 7, 1958, the’ 


child had been vomiting for 2 weeks. The infant 
was found to be moderately dehydrated, but the 
abdomen was said to be normal. However, a note 
dated 2 days after admission described a “rubbery, 
hoselike mass in the upper abdomen that moves 
easily and is not indentable like feces.” 

Blood count and urine analysis were again 
normal. Electrolyte studies showed a_ chloride 
level of 62.5 mEq. per liter, sodium level of 127 
mEq. per liter, and potassium level of 2.4 mEq. 
per liter. Lumbar puncture yielded no abnormal 
findings. 

Fluids and cortisone were given intravenously. 
\fter remaining semicomatose for several days, 
‘xe child improved slowly and was discharged on 
\ug. 13, 1958. 

On Sept. 24, 1958, the child, now 3 years, 4 


months old, was again admitted because of con- 
tinued vomiting. The mother, a poor historian, 
now stated that the patient had never really 
stopped vomiting after the operation for pyloric 
stenosis. 

Past history on this occasion showed that | 
sibling had been operated upon for pyloric stenosis 
and that another (aged 2 years) also had micro- 
cephaly, retardation, and pseudohermaphrodism. 
Two other siblings, 1 older and 1 younger than 
the patient, were normal. 

The child was pale, weak, and listless and 
weighed only 17 pounds. Microcephaly and 
pseudohermaphrodism were again noted. The ab- 
domen was not distended, but a freely movable 
abdominal mass measuring 7 or 8 by 2 cm. was 
easily palpable. 

The only abnormality found after blood count, 
urine examination, and blood chemistry deter- 
minations was a potassium level of 3.5 mEq. per 
liter. 

The patient was hydrated and operation under- 
taken on Sept. 26, 1958. After a smooth induction 
of anesthesia without respiratory difficulty, cardiac 
arrest occurred the instant an endotracheal tube 
was inserted. When the chest was opened, the 
heart was found to have resumed normal function. 

The abdomen was opened through a right 
paramedian incision and a few thin, fibrous ad- 
hesions divided. The palpable abdominal mass was 
found to be the proximal jejunum. Exploration 
showed that the pyloric hypertrophy was still 
present, but that the pyloric obstruction had been 
definitely relieved by the clearly visible pyloro- 
myotomy. The stomach and first portion of the 
duodenum were rather thick and edematous, but 
the remainder of the duodenum and the proximal 
half of the jejunum were uniformly involved in a 
process grossly identical to hypertrophic pyloric 
stenosis. This 30 to 35 cm. segment of bowel was 
2 to 3 cm. in diameter, pale, thick and rubbery, 
and relatively inflexible. The thickening gradually 
decreased in the distal jejunum, and the ileum 
and colon appeared normal. 

Biopsy of the proximal jejunum showed that 
most of the thickness of the bowel wall consisted 


of pale, gristly muscle, and the pathologist re-— 


ported that the microscopic findings on frozen 
section were identical to those of hypertrophic 
pyloric stenosis. The biopsy site was closed in 2 
layers, the serosal surface being simply approxi- 
mated because the inflexible muscularis prevented 
inversion, A 2-layer gastrojejunostomy was per- 
formed, bringing the relatively normal distal 
jejunum anterior to the colon, and the abdomen 
was closed in layers. 

The patient recovered promptly from anes- 
thesia. Urinary output remained relatively de- 
pressed, and an increase in intravenous fluids was 


accompanied by an increase in drainage from the 
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Fig. 1. The autopsy specimen shows the thickness 
of the pylorus and the duodenum. 


nasogastric tube. There was no indication that 
the gastrojejunostomy was functioning. On the 
fifth postoperative day cortisone was instituted, 
and urinary volume improved. However, the next 
day the patient became grossly edematous and a 
right inguinal hernia was noted. During the night 
the abdomen became massively distended and 
roentgenograms showed pneumoperitoneum. 

At operation performed on Oct. 3, 1958, with 
local anesthesia, the biopsy site in the jejunum 
was seen to be completely disrupted. The jejunal 
incision was again closed in layers and reinforced 
with an omental graft, but the child failed to 
respond after operation and died 4 hours later. 

Autopsy findings included microcephaly with 
gyral abnormalities, stenosis of the aqueduct of 
Sylvius with mild ventricular dilatation, and hypo- 
plasia of the medullary pyramids; pulmonary 
edema, pneumonitis, and atelectasis; and pseudo- 
hermaphrodism with histologically normal unde- 
scended testes and a right indirect inguinal hernia. 

Most interesting was the gastrointestinal tract 
(Fig. 1). There was gross hypertrophy of the mus- 
cularis of the esophagus, stomach, pylorus, duo- 
denum, jejunum, and ileum. The process was 
most marked in the esophagus, the pylorus, the 
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distal three-fourths of the duodenum, and _ the 
proximal half of the jejunum (Fig. 2). Serosal 
surfaces reflected the inflammatory changes of 
recent peritonitis, and the mucosa of the involved 
bowel was thicker than normal. Most of the 
thickness of the bowel wall, however, consisted 
of massively hypertrophied muscularis, the inner 
circular layer being most prominently involved 
(Fig. 3). 

There was no intra- or extraluminal obstruc- 
tion of any portion of the gastrointestinal tract, 
nor was there any dilatation. The gastroenteros- 
tomy was healed and anatomically patent. The 
entire mesentery appeared normal. An incidental 
finding was a diverticulum of the second portion 
of the duodenum extending into the head of the 
pancreas. 

Microscopic examination of the gastrointestinal 
tract showed small aggregations of lymphocytes in 
the wall of the esophagus, severe esophagitis at- 
tributed to the indwelling nasogastric tube, and 
acute peritonitis of the abdominal viscera. There 
was moderate hypertrophy of the muscular wall 
of the stomach, first portion of the duodenum, 
and proximal ileum, and massive hypertrophy of 
the muscularis of the esophagus, pylorus, distal 
duodenum, and proximal jejunum. In all involved 
bowel, the circular muscle was approximately 
twice as thick as the longitudinal. The mucosa 
and muscularis mucosae of the involved bowel 
were also thicker than normal. Myenteric plexuses 
and ganglion cells were large, easily identified, 
and seemed more prominent than normal. 

Comment. Two questions immediately arise. 
Were (1) the “‘cordlike structure” present at the 
age of 4 months, (2) the “spleen” palpated at the 
age of 2 years, and (3) the “rubbery, hoselike 
mass” found at the age of 3 years all the same 
mass that was found at operation? Would that 
the first surgeon had explored the abdomen when 
he performed the pyloromyotomy! 


Table I. Normal and hypertrophied segments 
of the gastrointestinal tract (mm.) 


Age yr. Age yr. 
Nor- |Patient| Nor-\Guthrie’s 
Segment mal* | B.R. | mal | patient 
Esophagus 1.0 2.5 2.0 8.0 
Stomach 2.25 
Pylorus 1.7 6.0 3.0 10.0 
Duodenum 
(first part) 0.28 2.5 
Duodenum 
(distal ) 0.25 ‘4.23 2.0 5.0 
Jejunum 0.25 5.0 2.0 5.0 
Ileum 0.25 1.0 2.0 3.0 


*The ‘‘normal” child, who had died of burns, was ex- 
actly the same age as Patient B. R. but weighed twice 
as much, 
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The second question concerns the etiology of 
the vomiting. Was it due to congenital defects of 
the central nervous system or to muscular hyper- 
trophy of the duodenum and jejunum? It was 
determined at operation (and confirmed at au- 
topsy) that the pyloromyotomy had relieved the 
pyloric obstruction. It is tempting to assume that 
the muscular hypertrophy of the duodenum and 
jejunum had continued to cause obstruction. 


REVIEW OF THE LITERATURE 


Review of the literature yielded only 2 
cases of idiopathic muscular hypertrophy of 
the gastrointestinal tract in children. Pritch- 
art and Hiller*® reported simply that a 3- 
month-old male who died of hypostatic 
pneumonia was found to have muscular 
hypertrophy of the esophagus, pylorus, and 
ileocecal sphincter. A case reported by 
Guthrie,® however, is of particular interest 
because it was remarkably similar to ours. 

Guthrie’s patient was an 11-year-old girl 
who was admitted after a brief illness con- 
sisting of vomiting, diarrhea, and abdominal 
pain followed by a convulsion. The parents, 
questioned later, denied any history of gas- 
trointestinal symptoms other than an occa- 
sional “bilious attack.” Death shortly after 
admission was found at autopsy to have 
been due to acute nephritis. 


The lower two-thirds [of the esophagus] where 
the muscle is non-striated had assumed the form 
of thick-walled tube of a rubber-like consistency 
as a result of muscular hypertrophy of the wall, 
fairly uniform throughout although tending to 
increase slightly towards the lower end, and ceas- 
ing abruptly at the cardia where there was no 
sign of obstruction. The gullet was not dilated, 
the condition being one of pure hypertrophy. 

The distended stomach had a rather thin wall, 
except in the pyloric canal which showed massive 
muscular hypertrophy. The caliber of the duo- 
denum and jejunum was greatly increased and the 
wall so thick that on palpation it felt like heavy 
rubber tubing. The small bowel gradually de- 
creased in size from above down and _ reached 
normal dimensions in the terminal ileum. There 


was no abnormality of the ileo-caecal valve or of 
the colon. 


The mucosa in the hypertrophied area 
was “considerably thickened with unusually 
prominent rugae.” Histologic examination 
showed massive hypertrophy of the circular 
muscle and moderate hypertrophy of the 
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Fig. 2. Diagram of the upper gastrointestinal tract 
(in longitudinal section) shows the relative thick- 
ness of the muscular wall of the involved bowel. 


Fig. 3. Photomicrograph shows the duodenum of 
2 patients 34% years old, 1 normal and 1 with 
idiopathic muscular hypertrophy. 
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Table II. Collected series of 23 cases of idiopathic muscular hypertrophy 


Case Author and year 


Age (yr.) | Sex | 


Location Symp 

1 Reher, 1885 60 M Esophagus Yes 

2 Pitt, 1888 68 F Esophagus ? 

3 Rolleston, 1899 59 M Esophagus No 

a Elliesen, 1903 39 M Esophagus “Careful” 

5 Ehlers, 1907 56 M Esophagus, pylorus No 

6 Mollison, 1919 62 ? Esophagus ? 

7 Pritchart, 1920 3 mo. M Esophagus, pylorus, ileocecal ? 

sphincter | 

8 Rake, 1926 67 M Esophagus No 

9 von Briicke, 1928 67 M Esophagus Yes 
10 63 M Esophagus No 
11 Goedel, 1929 39 M Esophagus : No 
12 Wood, 1932 69 M Esophagus No 
13 Rossle, 1935 67 M Pylorus, jejunum ? 
14 27 F Antrum, ileum Yes 
15 ? M Esophagus, pylorus ? 
16 57 M Esophagus ? 
17 Helmke, 1939 41 M Esophagus No 
18 57 M Esophagus : No 
19 64 M Esophagus No 
20 59 M Esophagus, pylorus No 
21 Guthrie, 1945 11 F Esophagus, pylorus, duodenum, No 

jejunum 
22 Schroeder, 1949 74 M Stomach Yes 
23 Spencer, 1961 3 M Esophagus, pylorus, duodenum, Yes 
jejunum 


*Autopsy findings included pyelonephritis and nephrosclerosis, pulmonary emphysema and pneumonia, rheumatic valvular diseav 


longitudinal muscle. The walls contained 
small collections of leukocytes but there was 
no trace of chronic inflammatory change. 
“The myenteric nerve plexuses with their 
ganglion cells remained in a state of good 
preservation, free from atrophy or fibrosis.” 

This case is almost identical to ours. The 
involvement in both was most marked in 
the esophagus, pylorus, distal duodenum, 
and proximal jejunum, and only moderate 
in the first portion of the duodenum and 
distal small bowel (Table I). 


IDIOPATHIC MUSCULAR 
HYPERTROPHY IN ADULTS 


In contrast to the extensive lesions in chil- 
dren, muscular hypertrophy of the gastroin- 
testinal tract in the adult is usually limited 
to the esophagus of elderly men. The condi- 
tions are apparently related, however, as the 


gross and microscopic appearances are simi- 
lar in the two age groups. 

Baillie,” in 1799, included an example of 
thickening of the esophagus in a series of 
engravings, but according to Albers’ the 
tumefaction was in the submucosa, and “the 
muscle layer itself is atrophic.” Forster," 
Niemeyer,’ and Zenker and Ziemssen* pos- 
tulated that this condition might occur and 
Birch-Hirschfeld* seems to have described 
the lesion, but none of these authors cites 
a specific case. 

The earliest documented record of idio- 
pathic muscular hypertrophy (in the esoph- 
agus) was reported in 1885 by Reher” 
(Table II). Including that case, 17 instances 
of esophageal involvement in adult patients 
have been recorded to date. In 3 of these, 
the pylorus also showed hypertrophied mus- 
cularis. In 3 additional reports, hypertrophy 
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Cardiac 
Associated pathologic process enlargement | Renal disease Remarks 
-= No No Died, carcinoma of rectum 
-- Yes Yes Cerebral hemorrhage 
Pylorus small. no thickening of wall Yes No Fracture of ribs, bronchitis, erysipelas 
-— No No Tuberculous meningitis 
— Yes Yes Emphysema, pneumonia, dilatation of 
stomach 
Sessile papillomas in esophageal Yes Yes — 
mucosa 
“Pea-sized” polyp in cardia ? ? Hypostatic pneumonia 
Inflammation of ganglia and nerves No No ? Carcinoma of tongue, pneumonitis, 
heart atrophied 
Small myoma No No Died after operation of pneumonia 
Small myoma Yes No Hemiplegia 
? ? 
- No No Acute colitis, fatty liver, heart 34 normal 
size 
Polypoid gastritis and duodenitis ? Yes _ 
Tuberculosis of lung. intestine, No No Adhesions 
peritoneum 
? ? 
— ? ? Hernias and adhesions 
Small myoma Yes Yes — 
Small myoma Yes No Emphysema 
Myomas Yes No — 
Myomas Yes No — 
— No Yes — 
Peach pit in stomach ? ? Died 6 years later* 
— No No Microcephaly, pseudohermaphrodism 


myocardial infarction, and aneurysm of ascending aorta. No additional hypertrophy of the gastrointestinal tract was found.’ 


of the gastric or intestinal musculature was 
found without involvement of the esophagus. 

Idiopathic muscular hypertrophy occurs 
most often in the esophagus of elderly white 
men. Only 2 cases have been reported in 
women. Ages of the patients ranged from 
27 to 74, and 15 of the 18 whose ages were 
stated were over 56 years (Table II). 

As far as can be determined, this condi- 
tion has not been seen in a Negro. It is as- 
sumed, perhaps erroneously, that all patients 
from England and Germany were white. 
Of the 2 patients from the United States, 
Schroeder said his was white, and Wood de- 


scribed his as “an American grocer.” 


SYMPTOMS 


In view of the extent of involvement found 
at autopsy, it is amazing that idiopathic 
muscular hypertrophy is usually an asymp- 


tomatic lesion. In most patients it was stated 
specifically that there was no history of 
dysphagia or gastrointestinal disturbance, 
but in a few, some symptoms were described. 
The patient with esophageal hypertrophy 
reported by Reher died with carcinoma of 
the rectum but had complained of a feeling 
of obstruction in the esophagus in addition 
to constipation. Elliesen’s® patient with eso- 
phageal involvement had been “careful” 
with his food since the age of 15, but his 
wife did not know why. In von Briicke’s*® 
first case, difficulty in swallowing had been 
diagnosed fluoroscopically as “spasm,” but 
an operation was necessary 9 years later be- 
cause of persistent and increasing dysphagia. 
Operative findings and procedure were not 
recorded, but the patient died after the 
operation and at autopsy was found to have 
hypertrophy in the esophageal muscularis. 
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Réssle’s'’ female patient had had ab- 
dominal “colic,” but this is not surprising 
in the light of autopsy findings of tubercu- 
lous enteritis and peritonitis with adhesions. 
It is possible that the hypertrophy of the 
ileum in this patient was secondary to 
chronic partial obstruction (dilatation was 
not mentioned), but this would hardly ex- 
plain the associated hypertrophy of the mus- 
cularis of the antrum. One patient who did 
have symptoms was the one described by 
Schroeder,'® but the obstruction was due to 
a peach pit impacted above the muscular 
hypertrophy in the midportion of the 
stomach; similar symptoms 6 years previ- 
ously had subsided when the patient was 
restricted to a bland diet. 


PATHOLOGY 


In the typical case, idiopathic muscular 
hypertrophy is an unexpected, unexplained 
finding at autopsy. By definition, all hyper- 
trophy associated with proximal dilatation 
or distal obstruction is excluded from this 
report. 

Of the 23 patients in this series, 3 (all 
adults) had involvement of the stomach, of 
the pylorus and jejunum, and of the antrum 
and ileum, and 20 had hypertrophy in the 
esophagus. In 14 adults the esophagus alone 
was involved, and in 3 others, esophagus and 
pylorus. All of the 3 children had hyper- 
trophy of the esophageal and pyloric mus- 
cularis, but one also had involvement of the 
ileocecal sphincter and the other 2 had addi- 
tional involvement of the duodenum and 
jejunum. 

In instances in which a detailed descrip- 
tion of the lesion was reported, the segment 
of muscular hypertrophy showed fusiform 
involvement, with a gradual onset and 
termination. In cases of esophageal involve- 
ment in which the hypertrophy continued to 
the cardia, the termination was more abrupt 
than in those in which the marked hyper- 
trophy ended a few centimeters above the 
cardia. 

The circular muscle was more markedly 
hypertrophied than the longitudinal. Mini- 
mal increase in the connective tissue between 
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muscle bundles in some cases and small 
groups of lymphocytes in others were not 
interpreted as indicative of significant in- 
flammatory reaction. Autonomic ganglia 
were reported as entirely normal except in 
Rake’s** patient with marked inflammatory 
infiltration of the ganglion cells and nerves. 

Associated lesions of the involved segment 
were occasionally seen. One of Réssle’s'’ 
patients, with hypertrophy of the pyloric 
and jejunal musculature, had polypoid gas- 
tritis and duodenitis, and another, a female 
with involvement of the antrum and ileum, 
also had tuberculous peritonitis and enteritis. 

Ehlers* noted that his patient had a small 
diverticulum of mucosa into the muscle of 
the esophagus, but gives the impression that 
this was due to overgrowth of the muscularis 
and was not a true diverticulum. Mollison” 
reported his patient to have small sessile 
papillomas of the esophageal mucosa asso- 
ciated with hypertrophy of the muscle, but 
these lesions apparently did not represent 
cause and effect because there was no proxi- 
mal dilatation. Pritchart’s'* 3-month-old pa- 
tient had a “pea-sized” polyp at the cardia 
in addition to hypertrophy of the esophagus, 
pylorus, and ileocecal sphincter. 

Each of von Briicke’s*® 2 patients had a 
myoma of the esophagus in association with 
muscularis hypertrophy, and the occurrence 
of 1 to many myomas of the esophagus of 
all 4 of Helmke’s® patients caused him to 
consider the possibility that muscular hyper- 
trophy was a form of myomatous hyper- 
plasia. 


ETIOLOGY 


The etiology of “idiopathic” muscular 
hypertrophy is unknown, but various factors 
have been considered. A congenital predis- 
position seems unlikely in view of the pre- 
dominance of the lesion in elderly patients. 
In the earlier literature the role of the 
adrenal gland was discussed.'* 

Wood,*' among others, considered the 
possibility that this lesion in the esophagus 
might represent compensated ‘achalasia. He 
stated, “Hypertrophy occurs as long as com- 
pensation is maintained, then dilatation. 
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This is analogous to what happens with the 
heart in hypertension, and with the urinary 
bladder in obstruction, and in fact, is true 
of any tubular-muscular organ.” However, 
compensated achalasia should be found in 
young patients since the decompensation 
would presumably occur with increasing age, 
yet muscular hypertrophy is usually found 
in elderly patients. 

Helmke® attributed the hypertrophy of 
the esophageal musculature to smooth muscle 
spasm resulting from the irritation of the 
contracting heart, because all of his patients 
had cardiac hypertrophy and/or dilatation. 
His interesting study of the dry weight of 
the esophageal muscle in patients with nor- 
mal and enlarged hearts lends some support 
to his theory, as cardiac enlargement was 
found to be associated with increased weight 
of the esophageal muscle. However, some pa- 
tients with muscular hypertrophy of the 
esophagus were reported to have a small 
heart, and involvement of other portions of 
the gastrointestinal tract could hardly be 
explained on the basis of cardiac disease. 

Lesions in the heart (in 9 patients), kid- 
neys (in 7), and lungs (in 6) probably 
represented the unrelated cause of death in 
patients with asymptomatic muscular hyper- 
trophy. 


DIAGNOSIS AND TREATMENT 


Roentgenographic features of muscular 
hypertrophy of the gastrointestinal tract are 
unknown. Von Briicke’s first patient was 
diagnosed fluoroscopically as having “spasm” 
of the esophagus 9 years before the lesion 
was found at autopsy, and roentgenologic 
examination of Schroeder’s patient showed 
an hourglass stomach presumed to be due 
to carcinoma. The child in the present re- 
port had gastrointestinal series at 4 months 
and at 2 years of age, but on neither occa- 
sion did the radiologist describe any abnor- 
mality of the esophagus or upper small 
bowel, nor can any obstruction in these areas 
be recognized with certainty on any of the 
films. However, the marked narrowing of 
the lumen, inflexibility of the wall, and 
ihickening of the mucosa seen at postmortem 
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examination might be recognized fluoroscopi- 
cally if symptoms direct the attention of the 
radiologist to the involved segment. 

It would be difficult to recommend treat- 
ment for a condition which is usually an 
incidental finding at autopsy. However, as 
operation was performed on 3 patients in 
this series, it is possible that on rare occa- 
sions the surgeon will be called upon to 
make a decision regarding therapy. Isolated 
lesions of the stomach or short segments of 
involved intestine will probably be resected, 
for diagnosis if not for treatment. In ex- 
tensive involvement, as in Guthrie’s patient 
and the one in the present report, a short 
circuit procedure may be performed, but it 
is not certain that this will be indicated if 
the gastrointestinal series fails to show ob- 
struction. Biopsy incisions should be closed 
with care and reinforced with an omental 
graft, as the inflexible muscularis will pre- 
vent inversion of the bowel wall. 


SUMMARY 


The case is reported of a 3-year-old child 
with idiopathic muscular hypertrophy of the 
esophagus, stomach, pylorus, duodenum, 
jejunum, and ileum, with particularly mas- 
sive hypertrophy of the esophagus, pylorus, 
distal duodenum, and proximal jejunum. 
Vomiting was the principal symptom, and 
the hypertrophied bowel was palpable 
through the abdominal wall. There have 
been 2 previous reports of this condition in 
children. There have been 20 reports of a 
similar condition in adults, usually limited 
to the esophagus. The etiology is unknown. 
In adults the condition appears to have been 
almost asymptomatic. 
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Hydronephrosis associated with 
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he association of aberrant renal vessels 
with hydronephrosis was first described by 
Boogard® in 1857. There is much controversy 
concerning the exact role played by the 
aberrant renal vessels in the production of 
hydronephrosis. There is also a lack of 
unanimity in regard to the proper surgical 
management of this condition. Many authors 
consider the presence of aberrant renal ves- 
sels to have a secondary causative signifi- 
cance. There are, however, cases in which 
correction of the vascular anomaly alone re- 
sults in complete cure or marked improve- 
ment of the condition. In these cases, it 
would be reasonable to accept the primary 
etiologic importance of the aberrant renal 
vessels. This is true especially for patients in 
the pediatric age group, in whom secondary 
obstructive lesions are less likely to develop. 

Urinary obstruction may be _ produced 
either by direct vascular compression of the 
ureter® '* 17 or by interference with its peri- 
staltic activity.” '* Some authors suggest that 
aberrant renal vessels act only as a sub- 
sidiary factor aggravating the hydronephrosis 
initiated by other lesions, such as uretero- 
pelvic fixation or ureteral stricture. 

The frequency of supernumerary renal 
vessels is estimated to be 26 per cent. The 
incidence of aberrant renal vessels in patients 
with hydronephrosis varies from 4 to 90 per 
cent (Table I). The variety of criteria used 
in the classification of hydronephrosis on an 
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aberrant renal vessels in 


infants and children 


etiologic basis probably accounts for this dis- 
crepancy. 

Hydronephrosis may be asymptomatic; 
however, hydronephrosis of vascular origin 
often is associated with painful acute epi- 
sodes. Aortography may provide specific 
diagnostic information. One form of treat- 
ment is division of the aberrant renal vessels. 
This, however, may lead to necrosis of a 
major renal segment if the vessel is sizeable. 
For this reason, vessels preferably should not 
be divided, but rather transposed as recom- 
mended by Hellstrom.* 

Our observations are derived from a study 
of 12 patients with vascular hydronephrosis 
seen at Karolinska Sjukhuset within a 7-year 
period (1952 to 1959). 


MATERIAL 


Among 70 children with hydronephrosis 
operated upon between the years 1952 and 
1959, 12 had aberrant renal vessels. These 
were of such size and in such close relation 
to the ureter that they undoubtedly were the 
definite cause of obstruction. Only large ves- 
sels which cross the ureter transversely and 
anteriorly and producing evident compres- 
sion were considered. Smaller aberrant renal 
vessels of horizontal or vertical course are 
not considered in this study. With these cri- 
teria, the incidence of vascular hydroneph- 
rosis was 17 per cent (Table I). The age 
at onset of symptoms was from | to 15 years. 
The left side was involved in 8 patients and 
the right in 3. Bilateral aberrant renal vessels 
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Table I. Incidence of hydrone phrosis 
associated with aberrant renal vessels 


Author | % 
Campbell* 4 
Lowsley and Kirwin!! 11 
Helstrom® 24 
Soley15 30 
Nixon!? 32 
Henline?® 41 
White and Wyatt!* 90 
Authors 17 


Table II. Treatment and results in 12 
cases of hydronephrosis due to aberrant 
renal vessels 


No. of 
cases Surgical procedure Results 
4} Transposition of ab- All free of symp- 
errant renal ves- toms, all free 
sels of infection, all 
regression of 
dilatation 
5 Transposition of ab- All free of symp- 
errant renal ves- toms, 4 free of 
sels plus resection infection, 4 re- 
of the renal pelvis gression of 
dilatation 
3 Primary nephrec- All free of symp- 
tomy toms, all free 


of infection 


were found in 1 case. Periodic pain was the 
most common clinical feature in this series. 
This symptom proved to be helpful in the 
differentiation of the nature of obstruction 
preoperatively. Pyuria was noted in 3 cases. 
The hydronephrosis was asymptomatic in 2 
additional cases and the condition was dis- 
covered during an emergency operation for a 
flank injury with rupture of the kidney. 


Intravenous pyelograms were obtained in all. 


cases. The ureteropelvic junction could not 
be clearly demonstrated in any of these 
studies. Since a short defect at the upper part 
of the ureter is common in other types of 
hydronephrosis, this finding was not consid- 
ered pathognomonic of vascular obstruction. 
Retrograde pyelography was not used because 
of the danger of infection. The diagnosis was 
established at operation in each case. All 
patients showed a marked degree of hydro- 
nephrosis (Figs. 1 and 2). Surgical judgment 
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was always conservative, in an effort to pre- 
serve the kidney and its vascular supply 
intact. Division of the aberrant renal vessels 
was avoided. They were merely displaced and 
fixed at a higher level on the renal pelvis. In 
this way, the ureteropelvic junction was re- 
lieved from the vascular compression. The 
fixation was performed with interrupted cat- 
gut stitches. The adventitia of the vessel was 
sutured to the superficial layer of the renal 
pelvis. 

In 4 cases, only transposition of the 
aberrant renal vessels was performed. In 5 
cases, the transposition was combined with 
resection of the renal pelvis. In 3 cases, the 
renal parenchyma was so badly destroyed 
that nephrectomy was indicated. The sur- 
gical treatment and results are shown in 
Table II. Postoperatively, all patients are 
asymptomatic. However, 1 patient has per- 
sisting asymptomatic urinary tract infection 
as evidenced by pyuria and bacilluria. All 
patients subjected solely to transposition of 
the aberrant renal vessels show satisfactory 
regression of hydronephrosis (Figs. 1 and 2). 
The follow-up time varies from 2 months to 
3 years. 


DISCUSSION 


Pediatric patients seem most suitable for 
the study of the primary cause of hydro- 
nephrosis. During the relatively short period 
of illness, secondary changes have less chance 
to develop and to complicate the clinical 
picture. The vascular hydronephrosis may be 
associated with other obstructive factors, the 
most common being ureteral fixation of the 
renal pelvis, kinking of the ureter by ad- 
hesions, and ureteropelvic stenosis. Adhesions 
can be congenital in origin'® or secondary to 
hydronephrosis with or without infection. 
There is no unanimity of opinion concerning 
the significance of adhesions in the causation 
of hydronephrosis. It is a common experience 
that mere lysis of these adhesions has not 
brought about improvement as would be ex- 
pected if these were the direct cause of ob- 
struction. Actual strictures at the uretero- 
pelvic junction are less often associated with 
aberrant renal vessels.’* Such strictures may 
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appear secondary to the vascular compression 
of the ureter. It is therefore advisable in all 
patients with aberrant renal vessels to open 
the pelvis and calibrate the pelvic outlet. If a 
stricture is found, it should be corrected at 
the same time. 

A prerequisitive for regression of hydro- 
nephrosis after surgical relief of the obstruc- 
tion is the maintenance of the elasticity and 
contractility of the renal pelvis. For this 
reason, it is advisable to correct the obstruc- 
tion early before secondary fibrotic changes 
develop. In hydronephrosis of undetermined 
origin, the decision in favor of conservative 
or surgical treatment is not always easy. In 
doubtful cases and particularly when aberrant 
renal vessels or other type of ureteropelvic 
obstruction is suspected, early operation is 
indicated. Concerning operative technique, 
we favor the transposition of the aberrant 
renal vessels as advocated by Hellstrom.* ° 
Although division of the aberrant renal 
vessels may not have clinical sequelae,’ 
necrosis of the renal parenchyma can re- 
sult.*°1* This is not surprising since recent 
studies have demonstrated that in 51 per 
cent of patients, the lower pole vessels supply 
the 2 lower pyramids, but in 11 per cent they 
supply 5 or 6 pyramids corresponding to one- 
fourth to one-half of the kidney substance.* 

We have had no personal experience with 
the Hamilton-Stewart operation; this re- 
quires more complicated operative steps than 
a simple transposition. In cases in which 
ureteropelvic resection is performed, the 
aberrant renal vessels can be displaced be- 
hind the reconstructed junction. 

The results of this series seem to justify our 
opinion regarding the true causative signif- 
icance of the aberrant renal vessels. Among 
100 adult patients with hydronephrosis, Hell- 
strom and associates” found 24 in which 
aberrant renal vessels were considered the 
primary or secondary cause of obstruction. 
Four of them were operated upon with only 
transposition of the aberrant renal vessels. 
The results were good in 2. The remaining 2 
were recently operated upon. Nixon’* made a 
comprehensive analysis of 78 cases of hydro- 
nephrosis in children. Twenty-five had ob- 
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struction of vascular origin, although 16 of 
them presented some additional anomaly in 
the form of adhesions with ureteropelvic fixa- 
tion or kinking of the upper part of the 
ureter. Nixon considers vascular obstruction a 
complication of the hydronephrosis rather 
than its cause. In his series, operations were 
successful in 89 per cent of the cases of vas- 
cular obstruction. For ureteropelvic stricture, 
they were successful in 60 per cent, and for 
ureteropelvic fixation, in only 33 per cent. A 
possible explanation of this difference might 
be the earlier detection of the vascular hydro- 


Fig. 1. Boy, 10 years of age. There had been pain 
in the left flank for some years. A, Preoperative 
marked hydronephrosis on left side, obstructed out- 
flow from renal pelvis. Operation consisted of only 
transposition of aberrant vessel. B, Two months 
after operation there was slight dilatation of pelvis 
and no obstruction of outflow. 


A B 

Fig. 2. Boy, 15 years of age. There had been 1 
year of severe pain in the right flank and 2 weeks 
of urinary tract infection with fever. A, marked 
hydronephrosis on right side and obstructed outflow 
from renal pelvis. Operation consisted of only 
transposition of aberrant vessel. B, 6 months after 
operation there is regression of hydronephrosis and 
no obstruction of outflow. 
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nephrosis. In our experience, however, there 
is nothing to indicate that vascular hydro- 
nephrosis is recognized earlier than other 
types of ureteropelvic obstruction. The fact 
that the results with vascular obstruction, 
even when combined with adhesions, are 
better than results with adhesions only may 
indicate the etiologic importance of the 
vessel. 


SUMMARY 


1. Twelve cases of hydronephrosis in chil- 
dren caused by aberrant renal vessels are 
presented. Five of the patients were male and 
7 female; their ages varied from 1 to 15 
years. The right side was involved in 3 cases, 
the left in 8 cases, and there was bilateral 
involvement in 1. 

2. In 9 patients, transposition of the 
aberrant renal vessels, alone or combined 
with resection of the renal pelvis, was per- 
formed. In 3 additional patients, nephrec- 
tomy was indicated. 

3. Good function and marked regression 
of the anatomic changes were observed. 

4. Early operation before the establish- 
ment of irreversible kidney damage is recom- 
mended. 

5. Transposition of the aberrant renal 
vessels is considered the operation of choice. 
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FE... polyposis may occur in any or 


all segments of the gastrointestinal tract.*® 
When the entire tract is involved it is im- 
possible to eradicate the disease and therapy 
is limited to the complications, such as in- 
tussusception or hemorrhage, as they occur. 
With polyposis of the large bowel alone, com- 
plete extirpation is possible and the well- 
recognized high incidence of carcinoma in 
this condition has made total colectomy with 
ileostomy, or subtotal colectomy with ileo- 
proctostomy, the accepted therapy. Polyposis 
involving the entire stomach would necessi- 
tate total gastrectomy to eliminate the dis- 
ease. The complications and sequelae of this 
operation are generally considered as argu- 
ments against its use in the absence of a 
malignancy. Fortunately, total excision by 
limited gastric resection is possible in over 
one-half of the cases of gastric polyposis be- 
cause of the localized distribution of the dis- 
ease.}?) 15, 21, 26 

Combined polyposis of the colon and stom- 
ach falls somewhere between the other types 
and poses a most difficult therapeutic prob- 
lem. While complete extirpation is possible, 
it may leave the individual with a “cure 
worse than the disease.” Restricting interven- 
tion to treatment of complications, on the 
other hand, exposes the patient to the risk of 
development of malignancies. This is clearly 
established in colonic polyposis and less cer- 
tainly in gastric polyposis. Thus, the place of 
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691 


gastrointestinal 
polyposis involving 


stomach and colon 


operation in the treatment of this form of 
the disease cannot be stated with assurance. 
In the cases to be reported, the problem was 
further complicated by the diagnosis of the 
disease in 2 sisters at 11 and 16 years of age. 

In deciding upon the course of treatment 
for a child with established polyposis of both 
the colon and stomach, we attempted to an- 
swer 4 pertinent questions. 

Is any operation indicated? The almost 
certain development of carcinoma in familial 
polyposis of the colon is an absolute indica- 
tion for colectomy if at all feasible. We be- 
lieve that the presence of polyposis in the 
large and small bowel contraindicates extir- 
pative operation. However, if it can be estab- 
lished that the small bowel is completely free 
of polyps, then colectomy at the least can be 
performed without the fear of subsequent 
crippling loss of small bowel by resection 
necessitated by intussusception, hemorrhage, 
or malignant degeneration. The presence of 
concomitant gastric polyposis should not in- 
fluence the decision for colectomy, and may 
be an indication for partial gastrectomy. 

At what age should operation be per- 
formed? The prevention of the development 
of carcinoma of the colon is the primary in- 
dication for operation. This complication has 
been described in children 12 to 15 years 
of age’*?**7 and thus temporization is not 
justified in relation to colectomy.’® The ef- 
fects of colectomy on nutrition and growth 
have not been adequately studied but in 
many instances (as in Case 1) weight gain 
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and development have improved after resec- 
tion of the involved intestine.’° Since most 
pediatric surgeons” 2° perform some sort 
of ileoproctostomy rather than total colec- 
tomy and ileostomy, the psychological dam- 
age of the latter procedure is not a consid- 
eration and is not a reason for delaying oper- 
tion. 

The question as to when any attack should 
be made on the gastric lesions is more dif- 
ficult to answer because the dangers inherent 
in their presence are not firmly established. 
Normal development of children after par- 
tial gastrectomy and, in 1 case, total gastrec- 
tomy® is well documented,* ** 77 but the ef- 
fect of combined gastric and colon resections 
in children has never been assessed. It is pos- 
sible that removal of the diseased stomach 
may actually have a beneficial effect on nu- 
trition. 

What type of procedure upon the colon? 
Subtotal colectomy with ileoproctostomy re- 
mains the procedure of choice in children,* 
+6, 22, 25 although retention of the rectum car- 
ries the risk of subsequent malignancy re- 
gardless of the attention given to postopera- 
tive fulguration of new polyps. Everson and 
Allen* reported an incidence of carcinoma of 
the colon developing after this method of 
treatment of 5.2 per cent in 115 patients of 
all ages. Hubbard" found that 1 of 17 chil- 
dren (5.7 per cent) subsequently had a rec- 
tal carcinoma, but most of these patients 
were followed less than 10 years. Ravitch*® 
devised and recommends subtotal colectomy 
and anal ileostomy with removal of all of the 
rectal mucosa. 

Recognizing the danger inherent in re- 
taining the rectum, we believe that the risk 
is worth while in order to preserve a con- 
tinent anal sphincter. In children the psy- 
chological effect of ileostomy is an additional 
reason for subtotal rather than total colec- 


tomy. 

What type of procedure upon the stom- 
ach? Whether or not any operative attack 
on the gastric polyposis should be made is 
the first question. Gastric polyposis by itself 
has been reported to be associated with car- 
cinoma of the stomach in 10 to 40 per cent 
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of cases,” ** *° but this figure might be 
higher if only cases of familial gastrointes- 
tinal polyposis were studied. Although no 
definite statement can be made concerning 
the malignancy potential of gastric polyposis, 
there is presumptive evidence that the patho- 
logic changes in the stomach and colon fol- 
low a similar pattern. Obviously, removal of 
this lesion is desirable. 

The effects of total or radical subtotal 
gastrectomy are such that these procedures 
in children might result in the production of 
“gastrointestinal cripples,” especially if the 
procedures are superimposed on a subtotal 
colectomy. Surgical approach to the gastric 
lesions is therefore necessarily limited. For- 
tunately, as stated, total excision by limited 
gastric resection is possible in over one-half 
of the cases of gastric polyposis because of 
the localized distribution of the disease. 
Luckily this localized distribution of the gas- 
tric polyps obtains in approximately the 
same percentage when the colon is also in- 
volved.1* 1° 21 

Our approach to the question of what to 
do with the stomach was based upon the 
probable, though unproved, malignancy po- 
tential of gastric polyposis and the frequency 
with which these lesions are amenable to 
limited local resection. Halsted and _ asso- 
ciates,!” in the only other recent report of 
such cases (in 4 adults), chose to observe 
the gastric lesions and recommended colec- 
tomy alone. Two of their patients and an- 
other member of the family with gastric 
polyposis alone have been followed for 10 
years, and have not to Bartlett’s' knowledge 
developed any gastric malignancy. 


PLAN OF THERAPY 


We referred to all of the literature avail- 
able on this subject in our attempts to an- 
swer the foregoing questions. From this in- 
formation a plan evolved and was under- 
taken in the treatment of the patient in 
Case 1. 

Initial laparotomy is used to determine the 
extent of the disease. Since the stomach and 
colon are known to be involved, the small 
bowel is examined first by . endoscopy 
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through 2 or 3 enterostomies. If polyposis of 
the jejunum or ileum is found, eradication 
of the disease is obviously impossible. The 
procedure is terminated and further treat- 
ment limited to the correction of complica- 
tions. In the absence of small bowel involve- 
ment, the stomach is examined through a 
gastrotomy. If the disease is localized, par- 
tial gastrectomy is performed, preferably 
with reconstruction of gastroduodenal con- 
tinuity. If the gastric involvement is diffuse, 
as many of the polyps as possible should be 
removed locally through the gastrotomy. 
The first procedure is then terminated. 
Having determined the absence of small 
bowel polyposis, and having determined the 
extent of, and treated, the gastric polyposis, 
we then begin treatment of the colon. Mul- 
tiple fulgurations of the rectum are per- 
formed until the rectal mucosa is clear up 
to the point where resection is to be per- 
formed. In children and adolescents this is 
best performed under general anesthesia. 
After preparation of the rectum subtotal 
colectomy and ileoproctostomy per- 
formed. Postoperatively sigmoidoscopic ex- 
aminations and fulguration of any new 
polyps should be carried out every 3 months. 
Even in patients in the pediatric age 
group we believe that this plan should be 
instituted as soon as the diagnosis is made. 


CASE REPORTS 


Case 1. An 11-year-old white girl was referred 
to the Queens Hospital Center because of marked 
pallor. She had suffered fatigue, dizziness, and 
fainting intermittently for 8 months and occa- 
sional vomiting, but no observed hematemesis or 
melena. She had always eaten poorly and had 
gained weight slowly. While she usually had 3 to 
4+ bowel movements a day, she had no diarrhea. 

A younger brother had died at 5 years of age 
from massive intestinal bleeding per rectum. In- 
vestigation of the parents and 2 older sisters dis- 
closed polyposis in 1 of the sisters. 

The child weighed only 59 pounds, the hemo- 
globin was 4 Gm. with a hematocrit of 22 per 
cent and a red blood cell count of 2.9 million. The 
stools showed ova of Hymenolepis nana and 1 
specimen was positive for occult blood. Sigmoidos- 
copy showed numerous large and small polyps in 
the rectum and rectosigmoid, and the barium 
“nema showed multiple colonic polyps. A gastro- 


Boley, McKinnon, and Marzulli: Gastrointestinal polyposis 693 


intestinal series showed numerous gastric polyps. 

At laparotomy multiple polyps were palpated in 
the large bowel. None were felt in the small in- 
testine. A sigmoidoscope was threaded through 
the small bowel, through 2 separate enterotomies, 
but no polyps were disclosed. Through a gastrot- 
omy the gastric polyps were seen to be limited to 
the lower third of the stomach, and a subtotal 
gastrectomy and Billroth I gastroduodenostomy 
were performed. The gastric polyps were histo- 
logically benign and ranged in size from 0.5 to 3 
cm. in diameter (Fig. 1). 

The rectal polyps were fulgurated sigmoido- 
scopically on repeated occasions after operation 
until, after approximately 2 months, no additional 
polyps were visible. An abdominal colectomy with 
ileorectostomy was then performed. At the time 
of operation no polyps were palpable in the 
stomach. The polyps were distributed throughout 
the colon (Fig. 2), and those examined histologi- 
cally showed no evidence of malignancy. 

The child has been examined regularly at 3- 
month intervals since the operation, and the 
polyps which have reappeared (with decreasing 
frequency) have been fulgurated upon each occa- 
sion. Thirty months after colectomy and gastrec- 
tomy the child is in good health, having grown 
in weight and height to levels normal for her age. 
She has 2 to 3 bowel movements with formed 
stools a day on a full diet and without medication. 


Fig. 1. Case 1. Excised portion of stomach. The 
polyps were localized to the distal one-third of 
the stomach. 
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Fig. 2. Case 1. The tremendous involvement of 
the entire colon shows the extent of the disease 
when the child was 11 years old. 


Fig. 3. Case 2. Excised segment of stomach. The 
early cobblestone changes that were present in the 
residual stomach can be seen at the left. The 
marked polypoid changes were limited to the 
prepyloric region. 


Comment. The localization of the gastric polyps 
to the distal portion of the stomach and the ab- 
sence of polyps in the small intestine made opera- 
tive therapy feasible. It appears that in this in- 
stance the condition is familial since 1 brother 
died with intestinal bleeding and 1 sister has been 
found to have colonic polyposis. 

Case 2. The 16-year-old sister of the patient in 
Case 1 was asymptomatic and had been found to 
have colonic polyps as a result of investigation of 
the family. The hemoglobin was 10.5 Gm. and the 
stools positive for occult blood. Sigmoidoscopy 
showed numerous polyps of the rectum and sig- 
moid, some as large as 1.5 cm. in diameter, and 
barium enema showed polyps throughout the 
colon. No polyps were seen in the stomach or 
small bowel on radiographic examination. 

After repeated fulgurations of the rectal polyps 
over a period of 3 months, laparotomy was per- 
formed. Although the gastrointestinal series had 
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failed to show gastric polyps, the stomach in this 
patient was found to be involved, as in the 
younger sister. There were numerous polyps in the 
prepyloric area and, in addition, the remaining 
gastric mucosa had a cobblestone appearance (Fig. 
3). A distal gastrectomy and Billroth I gastro- 
duodenostomy were well tolerated. The polyps 
were histologically benign. Three months later, 
after further fulguration of the rectal polyps, a 
subtotal colectomy with ileosigmoidostomy was 
performed. There were innumerable benign polyps 
in the portion of the colon removed. In the 26 
months since operation the patient has undergone 
repeated fulgurations for recurrent rectal polyps 
which seem to show a tendency to decrease in 
numbers. A bout of mechanical intestinal obstruc- 
tion due to adhesions has required operative relief. 
The patient is in good health, has 2 to 3 formed 
stools a day, and maintains her preoperative 
weight. 

Comment. The distribution of the gastric and 
colonic polyps in this patient is like that in her 
sister, and obviously suggests a familial pattern. 
In this patient, perhaps unwisely, the colon was 
resected to a level above the peritoneal reflection. 


DISCUSSION 


The incidence of familial polyposis involv- 
ing both the stomach and colon has never 
been determined, but isolated case reports 
have appeared in the literature since 1896.*' 
Mayo" is of the opinion that 5 per cent of 
patients with polyposis of the colon have 
gastric involvement, but has presented no 
statistics to support this. Dukes’ writes that 
none of the patients at St. Mark’s Hospital 
have had known stomach lesions, but no ef- 
fort was made to determine their presence. 
Halsted and colleagues’? made the only 
other prior report of familial cases. The oc- 
currence of the gastric and colonic combina- 
tion is much more common than involve- 
ment of the entire gastrointestinal tract.’ 
17, 29 

Radiographic demonstration of polyposis 
of the colon is relatively simple. The diagno- 
sis of gastric polyposis, however, can often 
be made only by gastroscopy or at laparot- 
omy, as in Case 2. In Halsted’s’* series, gas- 
troscopic examination was necessary in all 
5 cases, although the roentgenographic study 
was suggestive in 1. Preoperative determina- 
tion of small bowel polyps is completely un- 
reliable by present means. Operative enteros- 
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copies proved successful in our 2 patients 
and only 2 enterostomies were required for 
visualization of the entire small bowel. 

The removal of gastric polyps in the ab- 
sence of complications is in opposition to the 
approach of Halsted and his group. We be- 
lieve that when possible, local resection is 
advisable, although the early cobblestone ap- 
pearance of the residual gastric mucosa in 
Case 2 may be preliminary to new polyps. 
It must be acknowledged, however, that no 
instance has been reported in which car- 
cinoma of the stomach has developed in a 
patient who has undergone subtotal colec- 
tomy for colonic polyposis. 

The postoperative courses of both girls ap- 
pear to demonstrate that subtotal colectomy 
combined with partial gastrectomy is com- 
patible with normal development. The 
marked in nutrition and 
growth of the younger child may be due to 
removal of the gastric or of the colonic dis- 
ease or both. Diarrhea has not been a prob- 
lem and both girls have had a normal life. 

Although spontaneous disappearance of 
residual rectal polyps after subtotal colec- 
tomy has been reported,* ® '* ** it did not 
occur in our patients and repeated fulgura- 


improvement 


tions have been necessary at 3-month inter- 
vals. 

As Ravitch** has said, the occurrence of 
these potentially malignant lesions at both 
ends of the gastrointestinal tract poses a dif- 
ficult surgical problem. The occurrence in 2 
children was an additional source of con- 
cern. Because the correct treatment of famil- 
ial polyposis of the stomach and colon is 
as yet undetermined, our approach to the 
problem was based upon the desire to erad- 
icate as much of the malignancy potential 
as possible without interfering with normal 
nutrition and growth. 


SUMMARY 


1. The problems inherent in the treatment 
of children with familial polyposis involving 


both the stomach and colon have been pre-— 


sented. 
2. The authors base their therapeutic ap- 
proach upon 6 premises and facts expressed 
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in the literature. First, polyposis involving 
the stomach and colon is more common than 
diffuse involvement of the gastrointestinal 
tract. Second, polyposis of the colon has a 
malignancy potential approaching 100 per 
cent. Third, polyposis of the stomach has a 
malignancy potential, but of an undeter- 
mined degree. Fourth, polyposis of the stom- 
ach is often localized enough to permit ex- 
tirpation by partial gastrectomy. Fifth, car- 
cinoma in polyposis of the colon has oc- 
curred in patients as young as 12 years of 
age. Sixth, growth and development of chil- 
dren after subtotal gastrectomy or colec- 
tomy have been good. 

3. The course described is recommended 
when the presence of polyposis in the colon 
and stomach is established. Definitive opera- 
tion is suggested in children at whatever age 
the diagnosis is made. Exploratory laparot- 
omy is performed and the small bowel ex- 
plored endoscopically through multiple en- 
terotomies. If polyps are found eradication 
of disease is impossible and no resection is 
indicated. If no polyps are found in the 
small bowel, a gastrotomy is performed to 
evaluate the involvement of the stomach. 
Extirpation of the polyps by partial gastrec- 
tomy is performed if feasible, and if not, 
simple excision of as many polyps as pos- 
sible is carried out. Four to 6 weeks later, 
after preliminary fulguration of the rectal 
polyps, subtotal colectomy and ileoproctos- 
tomy are performed. The retained rectum 
is examined every 3 months and new polyps 
fulgurated. 

4. Two cases of polyposis of the stomach 
and colon in which the suggested course of 
therapy was employed are presented. 


The authors express their appreciation to the 
many members of the surgical and _ pediatric 
services of the Queens Hospital Center whose co- 
operation and care made possible completion of 
the therapeutic program undertaken in the cases 
reported. 
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Conducted by JOHN R. PAINE, M.D. 


The surgical school of Theodor Billroth 


KAREL B. ABSOLON, M.D.* 
MINNEAPOLIS, MINN. 

From the Department of Surgery, University 
of Minnesota Medical School 


He who combines the knowledge of physiology and surgery, in addition to the artistic 
side of his subject, reaches the highest ideal in medicine. 


he metamorphosis from barber surgeon 
to modern surgeon had been completed by 
the time Theodor Billroth appeared on the 
scene. The technical aspects of surgery had 
made this discipline stand apart from in- 
ternal medicine until the early 1800's. His- 
torically, one may trace the nature and 
origin of the separate lines which had be- 
come very definite in the sevententh century. 
Gradually the schism lessened. During the 
nineteenth century, the dividing lines be- 
tween medicine and surgery were recognized 
as unnecessary; oftentimes they proved to be 
an obstacle and consequently were removed. 
Billroth represented the pinnacle of this 
development and at the same time laid the 
foundations on which present-day surgery 
was to be built, foundations which were to 
be completed by his pupils. Billroth’s energy, 
artistry, and scientific fervor illuminated their 
paths. Billroth became the greatest of sur- 
geons, but at the same time he assumed an 
important place in the cultural and historical 
development of his time.* *% 47 6 8% 
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Presented at the quarterly Seminar of History of Medi- 
cine, University of Minnesota Medical School, Dec. 12, 
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Billroth, 1885 


Through conquest of the unknown, Bill- 
roth and his pupils were dedicated to im- 
prove the fate of people suffering of hitherto 
incurable diseases. This was accomplished by 
free quest, clinical and experimental, into 
the technical, mechanical, and scientific as- 
pects of surgical disease. 

The impact that Billroth’s school had on 
the surgical development of this century 
forces our surgical generation to make re- 
peated inquiries into the period in which 
these men lived and labored and review the 
circumstances under which they searched 
and the procedures by which they obtained 
results. 

This experience was to the author one of 
serene satisfaction and fulfillment. Are not 
all of us related to this school of surgery by 
identification and acceptance of its basic 
principles ? 

Only rarely is a surgical school crowned 
with as many pioneering accomplishments 
as Billroth’s. Stimulating his pupils and by 
active transfer of his principles to them, 
Billroth built up a movement which is com- 
parable only to his own achievements. The 
master continued to live through those who 
followed him; his pupils searched out the 
flaws in technique or reasoning of both their 
teacher and themselves. With his help, they 
advanced to even greater heights (Fig. 1). 
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Fig. 1. Billroth at the age of 29 years when he 
became assistant to B. v. Langenbeck and Docent 
of Pathological Anatomy and Surgery in Berlin. 


Fig. 2. Bernhard v. Langenbeck, Professor of 
Surgery, Berlin (1848 to 1882). 
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The greatest happiness of my life was founding 

a school that carries on my aims of scientific and 
humanitarian accomplishments. 

Billroth to His, 1893 


BILLROTH (1829 TO 1894) 


From the day he entered the medical 
arena of the Austrian capital in 1867 until 
he was forced into limited activity by con- 
gestive heart failure 25 years later, Bill- 
roth’s aim was to build a school of new 
surgical thought.*® He had already shown 
his capabilities when in 1860, at the age of 
31, he was appointed Director of the Surgi- 
cal Clinic in Zurich. 

The influence of Bernhard v. Langenbeck 
(Fig. 2), his teacher in Berlin, was con- 
spicuous. Langenbeck had transferred from 
the study of physiology (Professor of Physi- 
ology, G6ttingen) to the practice of surgery 
(Professor of Surgery in Kiel and Berlin). 
The same path was followed by Billroth. His 
dissertation thesis, suggested to him by 
Sch6nlein’s former assistant, Ludwig Traube, 
was entitled Nature and Cause of Pulmo- 
nary Affections Produced by Bilateral Vagal 
Section." For this work, Billroth obtained his 
degree in medicine at the age of 23 years. 

Billroth admired his authoritarian teacher 
greatly, commonly recalling to his students 
the “resonance of the ‘viva vox’ (lively, loud. 
and energetic voice) of old Langenbeck.” 
The following excerpt from Langenbeck’s 
letter to Billroth, dated May 24, 1882, proves 


the esteem the teacher held for his pupil. 


At the same time, it presents a valuable 
cultural and historical document on_ the 
relationship between Berlin and Vienna. 


Yesterday evening the faculty considered my 
successor. I suggested that you be the only candi- 
date proposed to the Minister and this suggestion 
was accepted without discussion. That, I believe, 
has never happened at the Berlin faculty; it must 
make you happy that this unanimity was not pro- 
duced by my influence in the faculty, for I have 
never possessed any, but was due to your scientific 
importance. 

I came home happy and here I find your 
negative answer; that was a cold shower for me. | 
consider your letter as never having been written. 
. . . I don’t have to ask you to reconsider. The 
points to be adjudged are that the Fatherland. 
which would greet you with enthusiasm upon your 
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return, is increasing in its importance. It also 
possesses better student material. . . . I recognize 
the anti-German tendencies in Austria. Even with 
the great reputation which you are known to en- 
joy in Vienna, they never will cease to consider 
you as an intruder. 

The departure from my dear Berlin will be 
unusually hard, and it would be made easier if 
you should be holding my position. I, also would 
put the Surgical Congress in your hands. My ad- 
vice and my desire is that you will mention this 
letter to no one and that you will accept the call. 
I am asking you insistently to attend the Congress, 
and I am inviting you for dinner on June 2 at 
6:00 p.m. 


Billroth did not heed the advice. He was 
culturally and spiritually part of the Austrian 
life and loved by the Austrian people.*® He 
appreciated the atmosphere of Johannes 
Brahms’ artistic Vienna and respected the 
scientific development accomplished by 
freedom-loving men. Brahms was originally 
a northern German himself and benefited 
by the cultural atmosphere of Vienna in 
his musical development. Billroth had 
divorced himself completely from the 
polished Prussian mustache and uniform. 

The Berlin surgical chair fortunately came 
to be occupied by Ernst v. Bergmann, who, 
among other important accomplishments, 
pioneered in aseptic surgery. 

Upon becoming head of the Second Sur- 
gical Department in Vienna on Oct. 11, 
1867, Billroth proclaimed in his inaugural 
lecture, “The future of a school is based on 
the work of the pupils, as is the future of a 
country on the work of its citizens.” Bill- 
roth outlined to his pupils epigrammatically, 
“He who cannot quote his therapeutic ex- 
periences in numbers is a charlatan; be 
truthful for clarity’s sake, do not hesitate 
to admit failures, as they must show the 
mode and places of improvement.” And 
again in 1876 he redefined the ideal of a 
university of learning when he stated, “If 
one considers the heights of the medical 
schools in Vienna, Prague, Wiirzburg, Gét- 
\ingen, Berlin, Freiburg, and Leipzig which 
persist even today, one can see that it is 
not the men of formal medical pedagogy 
that attract students; contrariwise, scientists 
are the magnets for these schools. A school’s 
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purpose is not to unify a group of people 
and spread their identical thought. Con- 
troversy in investigation will never disap- 
pear. The principle, method and the goal of 
investigations is recognition of truth, even 
though the truth may be in conflict with 
our social, ethical and political circum- 
stances. This is the binding force of a modern 
university.” 

To anticipate development, to judge col- 
laborators correctly, to stimulate his co- 
workers in the proper direction is the pre- 
rogative of only the greatest of men. Bill- 
roth’s influence on scientists in their fields 
was boundless. The importance of his dis- 
covery of the Streptococcus’® on the develop- 
ment of bacteriology was credited by Robert 
Koch in a letter to Billroth dated April 29, 
1890. “As I started my first investigations, 
I was entirely under the influence of your 
studies on Coccobacteria Septica that were 
published at that time, and this impression 
did not fade to this day. . . .” Billroth’s 
vision of the development of chemotherapy 
was expressed in the studies on the relation- 
ship of living animal and vegetable cells 
(1890). “The malarial and syphilis organ- 
isms can be killed with quinine, arsenic, and 
mercury or iodine respectively,” he stated. 
“The duty of generations to come is to find 
similar agents for the tuberculosis bacillus 
and the cancer microbes.’® 

Billroth’s views on surgical training were 
unique for the time in which he lived. It 
was his opinion that the student would be 
ready to start his surgical training only after 
he had absorbed his medical studies and en- 
larged his points of view in hospitals. Per- 
forming operations on cadavers and experi- 
mental animals, 2 or 3 years’ assistantship in 
a surgical department, studies of surgical 
monographs, writing of patient histories, and 
acquiring practical experience in the hospital 
were necessary to prepare the surgeon for 


independent work. Anything that concerned 


the patient, including nursing duties, had 
to be experienced by the surgeon. Billroth 
knew that all this could be accomplished 
with perserverance and diligence; he demon- 
strated that there is no short road to knowl- 
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edge that can be accomplished in any 
prescribed period of time while moulding 
pupils. The physician’s role was always to 
find the cause of the pathologic process, to 
predict its course, and to bring it success- 
fully to an end. Billroth documented by ex- 
ample that empiric knowledge clarified by 
scientific investigation is the procedure by 
which satisfactory solutions of mysterious 
medical problems are reached.” 

Billroth’s pupils were called enthusi- 
astically as professors to other universities. 
It was common knowledge that they were 
selected, trained, and screened through Bill- 
roth’s hands. Billroth insisted that they be 
well founded in anatomy, pathology, physi- 
ology, and experimental research—all neces- 
sary prerequisites for the academic surgeon 
today as well. His pupils were to supply the 
answers to his current interest; they supplied 
many answers that surgery had been waiting 
for. Billroth helped secure publication of the 
works of his pupils in prominent scientific 
journals and brought their names before the 
scientific world (Fig. 3). 


BILLROTH’S PUPILS 


From his many pupils, a number became 
professors of surgery and heads of surgical 
clinics. They made important contributions 
to the medical sciences and especially sur- 
gery. The most important representatives 
(Fig. 4) were R. Gersuny (Vienna), V. 
Czerny (Freiburg, Heidelberg), C. Gussen- 
bauer (Prague, Vienna), V. Hacker (Inns- 
bruck, Graz), A. Wolfler (Graz, Prague), 
J. Mikulicz-Radecki (Krakow, Breslau), A. 
Eiselsberg (Utrecht, K6énigsberg, Vienna). 
A. Winiwarter (Liege), and A. Frankel 
(Vienna). 

Czerny (1842 to 1916). Vincenz Czerny, 
the son of a pharmacist, was born in 1842 in 
Trautenau, Bohemia. After obtaining his 
first teaching appointment in Vienna in 1871 
as Docent, he was called to Heidelberg in 
1877 as Professor of Surgery. His major 
contributions pertained to cancer research 
and abdominal surgery.*® In 160 surgical 
papers, he discussed technical aspects and 
therapeutic results of procedures. such as 
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gastric and intestinal resections, gall-bladder 
operations, esophagectomy, and operations 
on the thyroid and larynx.***? 

In 1878, Czerny performed the first vaginal 
panhysterectomy with modern technique. In 
May, 1877, he was the first to extirpate suc- 
cessfully a napkin-ring cancer of the cervical 
esophagus in a 51-year-old woman. By means 
of an incision along the left anterior border 
of the sternocleidomastoid muscle, the esoph- 
agus was exposed, the tumor freed from the 
surrounding tissues, and a segment 6 cm. 
long removed after proximal transection at 
the pharynx. The 2 esophageal apertures 
were brought to the skin and the distal one 
used for feeding purposes. The patient sur- 
vived the operation and 5 months later was 
able to work, but died of recurrent cancer. 
In 1884 another Billroth pupil, Mikulicz, 
performed a similar operation, establishing 
esophageal continuity with 2 wing-shaped 
skin flaps.*° The edges of the inverted flaps 
were sewed together with catgut and the 
outside skin was closed with silver wire 
sutures. Ten days after operation the pa- 
tient was able to take solid foods, but 10 
months later died of recurrent cancer. In 
1908, Hacker, a later assistant to Billroth, 
reported a successful simultaneous resection 
of both the cervical esophagus and larynx.” 

It is clearly evident that Billroth exerted 
great influence on his students. In 1872 he 
wrote on experimental esophageal resections 
and the therapeutic potential of this pro- 
cedure.*° From 1878 Billroth popularized 
partial laryngectomy, a procedure first per- 
formed by Maas of Breslau in 1876. Even 
though the first total laryngectomy had 
been performed by Watson of Edinburgh in 
1866 for syphilis, Czerny together with Bill- 
roth performed the first total laryngectomy 
for cancer on Dec. 31, 1873. Czerny de- 
veloped this procedure on dogs and demon- 
strated experimentally its practical feasi- 
bility as early as 1870. The final and equally 
important step, namely rehabilitation of the 
laryngectomized patient, was accomplished 
by Gussenbauer’s construction of an artificial 
larynx for one of Billroth’s patients operated 
on in 1874. In 1879, Billroth removed the 
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entire larynx except the epiglottis, a large 
part of the pharynx, the esophagus up to the 
manubrium, and the entire thyroid gland 
for an invasive carcinoma of the larynx. The 
patient withstood the procedure well but 
died of a mediastinal suppuration and sup- 
purative pericarditis 6 weeks after the oper- 
ation. This complication was a consequence 
of a false passage produced by esophageal 
dilatation. Billroth remarked that even 
though a human being could endure so ex- 
tensive a procedure remarkably well, such 
an operation had no future.* 

Czerny was an excellent teacher. In addi- 
tion to the practical aspects of surgery, he 
emphasized the historical development of 
surgical methods and the place for im- 
provement that lay ahead. His monograph, 
Relationship of Surgery to Natural Sciences, 
and his study, The Development of Surgery 
During the Nineteenth Century and Its Re- 
lationship to Teaching (Heidelberg, 1904), 
reveal this aspect of his interests. 

Prior to Czerny’s appointment as Professor 
in Heidelberg, he held the chair of surgery 
in Freiburg. There he married Kussmaul’s 


daughter. 


Theodor Billroth 1829-1894 
Prof. of Surgery 
Vienna 1868-1894 


Prof. of Surgery 
Heidelberg 1877-1905 


Robert Gersuny 


H. Brown F,. Voelker 1844-1924 
A. Borchard Orth 


R. Wagner 


Anton v. Eiselsberg 1860-1839 


Prof. of Surgery 


Albert Narath 1864-1924 Vienna 1901-1938 


1 Anton Wélfler 1850-1917 
Prof. of Surgery 

Alexander v. Winiwarter Prag 1895-1911 
1848-1917 
Prof. of Surgery Schloffer 
Liege 1878-1917 

Vinzenz v. Czerny 

1842-1916 
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Because of limited hospital bed space he 
found time for his favorite preoccupation, 
the study of experimental surgery and patho- 
logic histology. Stimulated by his associ- 
ations with Langhans, Nothnagel, and Kuss- 
maul, Czerny contributed in this period to 
various aspects of bone tuberculosis, osteitis 
deformans, fat embolism, colonic absorption, 
and intestinal suturing.*® 

His major research in the cancer field was 
yet to come. Retiring as Professor of Surgery 
(replaced by another pupil of Billroth, Albert 
Narath), he worked toward the development 
of a cancer institute, the first of its kind 
in Germany.'* Stimulated by his visit to the 
State Institute for the Study of Malignant 
Disease in Buffalo, New York, he built the 
new institute and became its director in 
1906. Czerny published some 40 studies on 
cancer; the technique of tumor transplanta- 
tion into the anterior chamber was one of 
his discoveries. 

The many accomplishments of Czerny 
were honored by presidencies of the Deutsche 
Gesellschaft fiir Chirurgie in 1901, of the 
International Surgical Congress in 1908, and 
of the International Association for Cancer 
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Victor v. Hacker 


Alexander Fraenkel 


Fig. 4. Billroth and his pupils. 


Research in 1910. In 1885, Czerny was made 
an Honorary Fellow of the American Surgi- 
cal Association. 

Gussenbauer (1812 to 1903). Billroth’s 
surgical chair came to be occupied by Carl 
G. Gussenbauer, then Professor of Surgery 
in Prague. Gussenbauer, the son of a phy- 
sician in Obervallach, Austria, was born in 
1842. It was logical that a pupil of Billroth 
should become the new head of the now 
famous Second Surgical Clinic.** Gussen- 
bauer entered into apprenticeship under Bill- 
roth shortly after obtaining his medical de- 
cree in 1866. His first works were anatomic 


and concerned the musculature of the atrio- 
ventricular valves in the human being, heal- 
ing of wounds, and the trauma of skeletal 
muscle (1871). His interest in cancer is 
evident from his study of lymphatic spread 
of malignant tumors (1872). Gussenbauer’s 
contributions to clinical surgery include the 
description of Billroth’s techniques of laryn- 
gectomy (1874) and studies on partial gas- 
trectomy in dogs (1876), subtotal colectomy 
of the descending colon (1879), and extirpa- 
tion of pharyngeal tumors by the oral route 
(1879). He was the first to treat a pan- 
creatic cyst surgically by marsupialization. 
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Billroth’s interest in bone surgery and 
fracture treatment was sporadic. This was 
perhaps due to the fact that the prominent 
Viennese surgical figure of the 1880's, Ed- 
uard Albert, Chairman of the First Surgi- 
cal Clinic, considered bone and joint pa- 
thology and surgery one of his major in- 
terests. This activity had great’ impact on 
the development of the Viennese School of 
Orthopedics by Albert’s pupil, Heinrich 
Lorenz, and influenced Billroth as well as 
some of his pupils. Gussenbauer discussed 
the methods of surgical osteolysis in 1875. 
This study again may have presented the 
background for the first hemipelvectomy 
performed by Billroth in 1891, who himself 
contributed to joint resection in his early 
years.?® 

Gussenbauer made inroads into brain 
surgery by his works on the extirpation of 
“myelogenic” cranial tumors and the surgi- 
cal therapy of deep traumatic brain 
abscesses.*® #9 One of the great honors con- 
ferred upon Gussenbauer was his election as 
the first foreigner to the presidency of the 
German Surgical Society in 1894. 


Gersuny (1844 to 1924). Robert Gersuny, — 


son of a physician, was born in Bohemia. 
After finishing his medical course in Prague, 
he became private assistant to Billroth and 
later chairman of the surgical pediatric de- 
partment.”° 

Just as Billroth, most of his students were 
broadly oriented. Gersuny, for example, in- 
troduced the bow-shaped osteotomy, per- 
formed the first cholecystogastrostomy, and 
recognized the surgical significance of peri- 
toneal adhesions and the clinical picture 
these may produce. The colporrhaphy pro- 
cedure which he developed for treatment 
of uterine prolapse gained wide use‘; his 
technique of twisting the female urethra 
and rectum for incontinence showed _ in- 
genuity.*® 42 The introduction of a lampwick 
as a drain provided a useful implement in 
surgical therapy. He demonstrated before 
Kocher that Dupuytren’s contracture could 
be cured by careful excision of the palmar 
fascia and emphasized early esophageal dila- 
‘ation in chemical burns of the esoph- 
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agus.*” 4° Some of his more popular writings 
were translated into English.** 

Gersuny was highly regarded as diag- 
nostician and teacher.*® ** 

Winiwarter (1848 to 1917). The multi- 
faceted personality of Alexander v. Wini- 
warter reflects Billroth’s spirit. It was he 
who inherited the job of revising the ninth 
through the sixteenth editions of Billroth’s 
famous Allgemeine Chirurgische Pathologie 
und Therapie. The first edition of this 
classic work, which later was translated 
into 10 foreign languages, was published in 
1860 at the time when Billroth obtained the 
Professorship of Surgery in Zurich. 

Billroth, recognizing his own limitations, 
relinquished a work closer to his heart than 
any other. “When some time ago the editors 
asked me to prepare the new printing of this 
book,” he stated, “I realized that I could 
not do it as thoroughly as I was able to 
years ago. My surgical work, teaching and 
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Fig. 5. Title page of Billroth’s classic textbook. 
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public activities absorbed my energy to such 
a degree that it was made impossible for 
me to follow the theoretical sciences, the 
backbone of medicine. . . . Along these 
lines, I am saying goodbye as a surgical 
writer to the readers who gave me so much 
friendship. I wish to state with pride that 
my efforts to stimulate the students for this 
beautiful art and science of surgery were 
brilliantly rewarded.” He complimented 
Winiwarter on having revised his book with 
competence with regard to the views of the 
modern and future surgeon, while simul- 
taneously keeping with piety the spirit of 
the original author (Fig. 5). 

Alexander v. Winiwarter was born in 
1848. He obtained his medical degree in 
1870 in Vienna and after 6 years as assistant 
to Billroth, became Docent in 1876. While 
working under Billroth, he wrote on the 
pathologic anatomy of the liver (1872). 
lymphomas (1874), and plexiform neuromas 
of the peripheral nerves (1876). In 1878, 
promoted to the surgical professorship in 
Liege, he made additional contributions to 
surgical pathology and therapy, writing on 
surgical diseases of the skin (1892), the male 
genitals (1906), and operations on the biliary 
tree,®° as well as developing cholecysto- 
enterostomy, perineorrhaphy according to 
Lawson Tait, and the use of arsenicals in 
the treatment of lymphomas. Once he had 
settled in Belgium, it was a logical decision 
for Winiwarter and his family to become 
Belgian patriots. Although not a Belgian by 
birth, he enthusiastically adopted his new 
country despite the reproaches and enmity 
of his Viennese friends during World War 
84 

In 1867, Billroth had pointed out the 
importance of examining one’s conscience in 
evaluating the results of surgical therapy. 
Winiwarter, probably on Billroth’s prompt- 
ing, published in 1878 a statistical evalu- 
ation of breast cancer cures accomplished in 
Billroth’s clinic. This was 3 years after v. 
Volkman had published the first statistics 
on cancer in the history of medicine. Wini- 
warter showed that 4.7 per cent of 170 pa- 
tients were alive and well 3 or more years 
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after mastectomy. The public was impressed 
by these figures, however meager. The clinic 
in Billroth’s and his assistants’ hands no 
longer was a place for only the poor to 
come and die. The eloquence of facts and 
numbers replaced the therapeutic nihilism 
aggressively associated with scientific diag- 
nostic investigations or interpretations of the 
earlier days of Joseph Skoda and Carl 
Rokitansky. As Winiwarter proved on the 
basis of rational statistical analyses, surgical 
diseases, including cancer, were curable.*‘ 

Alexander Winiwarter’s younger brother, 
Felix, while under the tutorship of Billroth 
from 1876 to 1878, described as an entity 
thromboangitis obliterans—Winiwarter’s dis- 
ease.*® 

In 1877, Billroth stated “that no unsur- 
mountable obstacles to partial excision of the 
stomach existed, either on anatomical, physi- 
ological or operative grounds.” His indica- 
tions and justification for surgical pro- 
cedures, even so new and drastic for that 
time, were defined strictly but humanely. 
“One may perform surgical procedures only 
if there is a little chance of success. To 
operate without having a chance means to 
prostitute the beautiful art and science of 
surgery. Surgery would otherwise become 
suspicious to our lay public and to our 
colleagues.” 

Billroth’s pupils Gussenbauer, Winiwarter, 
and Czerny (1874) developed the technique 
of gastric resection in dogs. The first partial 
gastrectomy in dogs had been successfully 
accomplished by D. Merrem in 1810, who 
proposed this operation for treatment of gas- 
tric cancer in human beings. It was appro- 
priate that Billroth’s clinic, after re-evalua- 
tion of the experimental subtotal gastrec- 
tomy, should play the pioneering rele in the 
development of gastric surgery for cancer. 

Wolfler (1850 to 1917). Anton Wo6lfler, 
son of a physician, came from Kopecany in 
Bohemia, obtained his medical degree in 
1874 in Vienna, and worked subsequently 
under Billroth. In the letters of Billroth one 
may see the satisfaction he found in Wolf- 
ler’s accomplishments which he foresaw. 
Wolfler recognized that surgery did not con- 


n 
O 
oO 
st 
4 st 
1 
fc 
R 
: 
tl 
st 
3 
| st 
7 
ti 
al 
( 
tc 
| 
= es 
m 
te 
Ww 
tr 
= hi 
sc 

Ce 
ay 

di 
ro 


Volume 50 
Number 4 


sist of operations viewed as theatrical per- 
formances by individuals, but that only with 
the aid of new investigative advances could 
surgery grow into a real science. Scientifi- 
cally disciplined, his energy grew with the 
magnitude of problems on hand.** 

In 1881, 2 major milestones in surgery 
of the stomach were accomplished. W6lfler 
performed the first successful gastroenter- 
ostomy (antecolic), following the suggestion 
of Nicoladoni.** It was Billroth himself, 
of course, who performed the first successful 
subtotal gastrectomy for cancer of the 
stomach (Billroth I type) on Jan. 29, 
1881.°: 8° Two previous gastrectomies 
for cancer by Pean on April 9, 1879, and 
Rydygier on Nov. 16, 1880, had not been 
successful. Rydygier stated that Billroth did 
not know about the 2 previous gastrectomy 
attempts in human beings. 

Wolfler wrote more than 20 papers on the 
pathology and therapy of the thyroid gland. 
He described the “fetal adenoma” of the 
thyroid gland and his detailed pathologic 
studies of the thyroid gland expanded on the 
previous works of Virchow.®!. “W6lfler’s 
sign’ for clinical diagnosis of the hourglass 
stomach was helpful prior to diagnostic 
roentgenography. His classical publications, 
The Resection of the Carcinomatous Pylorus 
Carried out by Billroth (1881), Amputa- 
tions in Professor Billroth’s Clinic (1880). 
and The Surgical Treatment of Goiter 
(1891), and his writings on carcinoma of the 
tongue and kidney (1881) and foreign bodies 
in the human gastrointestinal tract (1909) 
established Wo6lfler’s place in the history of 
modern surgery. W6lfler’s technique of in- 
testinal suture from inside the lumen out, 
which he described in his report on gas- 
trectomies, must be considered as one of 
his major technical accomplishments. We 
scarcely realize today that intestinal suture 
ever presented a problem of sorts. 

Antisepsis, surprisingly enough, was ac- 
cepted by Billroth with some misgivings. It 
appeared scientifically insecure to this early 
student of bacteriology. Carbolic acid as a 
disinfectant perhaps was repulsive to Bill- 
roth’s fine senses. He was not allergic to 


Fig. 6. Billroth’s clinic in the 1880’s. 


carbolic acid as suspected by some of his 
students. Allergy to carbolic acid was a 
common drawback to its use. Lorenz, for 
example, was forced into orthopedics just 
because of this. 

It was reported that Billroth encountered 
Lister while the latter was traveling through 
Germany demonstrating his “spray” and 
caught him rather off balance by asking 
why many surgical wounds heal “per 
primam” without pus formation, while deep- 
seated abscesses in the knee joint form with- 
out evidence of injury. Despite the antago- 
nism to the carbolic acid spray, Billroth 
sent W6olfler to Volkmann’s clinic in Halle 
and to Lister’s clinic in Edinburgh to in- 
vestigate the antiseptic techniques. Upon his 
return, the open-minded Billroth gave 
Wolfler an operating room to test the car- 
bolic acid spray’s effectiveness. The results 
supported Lister’s contentions. Gersuny re- 
ported Billroth’s remarks, “I have seen such 
results with other methods.” Replied 
Wolfler, “Not as constantly.” W6lfler suc- 
ceeded in persuading his chief to adopt the 
Edinburgh technique in Vienna. 

Asepsis was soon to replace antisepsis. 
“All surgeons wear antiseptic uniforms and 
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individuality recedes into the background,” 
muttered Billroth in 1889. But 2 years later, 
observing the successes of his pupils, he re- 
marked happily, “With clean hands and 
conscience the least experienced surgeons 
accomplish better results than the most 
famous professors of surgery in yesteryear.” 
Wolfler was appointed Professor of Surgery 
in Graz (1886) and reorganized the some- 
what stagnant surgical department of his 
predecessor, Rzehaczek. In 1895, he moved 
to the same position in Prague. This new 
professorship of greater stature gained him 
popularity and a following of students. 
Wolfler’s other works included development 
of a technique of herniorrhaphy with trans- 
plantation of the cord, experimental studies 
on the transplantation of the mucosa, and the 
parasacral approach to proctectomy.° °* °° 

Mikulicz (1850 to 1905). Discoveries in 
scientific and practical surgery were the goal 
of Johann v. Mikulicz-Radecki. He was Bill- 
roth’s most brilliant pupil, judged from his 
many original contributions.*t Born in 
Czernowitz in the eastern Austrian province 
of Bukowina, he obtained his medical degree 
in Vienna in 1875. He was a short, mercurial 
young man with small thin hands, an ac- 
complished pianist. Through Billroth’s 
chamber music group, he set forth toward 
the successful accomplishment of his great 
ambitions. Working under Billroth until 
1882, he became Professor of Surgery in 
Krakow in 1883 and held this appointment 
for 4 years. Rydygier became his successor. 
Mikulicz left for a new appointment in 
K6nigsberg in 1887 and finally settled in 
Breslau in 1890. 

Improvements in antisepsis, disinfection, 
and anesthesia were some of his early suc- 
cesses,’> and continued to interest him 
throughout his life.*» ®° After introducing 
the surgical mask and cotton gloves into 
surgery in 1896, he eventually adopted 
Halsted’s use of rubber gloves.”* 

Mikulicz’s invention and development of 
the esophagoscope and gastroscope in 1881 
gained him the title of Father of Gastroscopy 
and Esophagoscopy.’* Laryngoscopy had 
been presented at the Hunterian Society of 
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London in 1829 by Benjamin Babington. 
Waldenburg, in 1870, had constructed a 
tubular scope with which he was able to 
visualize an esophageal diverticulum. 
Desormaux, in 1865, had observed the in- 
terior of the bladder as well as the esoph- 
agus. But only Kussmaul, elongating Desor- 
maux’s scope to 73 cm., was able to perform 
true esophagoscopy. In 1868 he visualized 
the cardia of the stomach and diagnosed 
a cancer of the esophagus.®t Mikulicz 
established that although the pharynx and 
esophagus are not in a straight line, the 2 
organs could be channeled, permitting use 
of straight rigid tubes for direct inspection 
by means of reflected light. For gastroscopy, 
he recommended an angulated apparatus. 
Equally great merit goes to Mikulicz’s tech- 
nical collaborator, Leiter, who developed 


the illuminating system for the gastroscope 


and esophagoscope. 

Mikulicz introduced new techniques of thy- 
roidectomy, pyloroplasty, and developed orig- 
inal methods for treatment of torticollis and 
scoliosis. Mikulicz acknowledged Heineke’s 
independent development of pyloroplasty.” 
A novel technique of the Billroth II type 
gastrectomy was introduced by him in 1889. 
Mikulicz fashioned a retrocolic side-to-side 
gastrojejunostomy with isoperistaltic align- 
ment of the jejunum.® ° A type of foot 
amputation for diseases of the talus and 
calcaneus is known as the Mikulicz-Wladi- 
mirowsky operation.’? His pathologic studies 
included descriptions of the characteristics 
of rhinoscleroma in 1876 (Mikulicz cells) 
and of that peculiar pathologic entity of the 
salivary glands, called Mikulicz’s disease and 
Mikulicz’s syndrome 12 yeais later.”® *° 

Billroth’s interest in the parotid gland 
must be recalled’ as he described tumors 
of this region in great detail and coined the 
term “cylindroma.” In 1884, Mikulicz suc- 
cessfully operated on a perforated typhoid 


ulcer, a pioneering achievement by itself. 


The monograph on diseases of the mouth 
(1898) is a classic treatise. 


Mikulicz found that the abdominal 


esophagus could be operated upon without 
an ensuing tension pneumothorax, and he 
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was the first to successfully perform a gastric 
cardiectomy (1898). 

A pioneer accomplishment evolved from 
his collaborations with Sauerbruch, namely, 
the experimental and clinical demonstra- 
tion of the feasibility of transpleural tho- 
racotomy under differential pressure (1904). 
Mikulicz thus coauthored the opening stages 
of an entirely new surgical era, the surgical 
penetration of the thoracic cage.”® 

Two generations were to pass from 
Billroth’s time before Sauerbruch’s pupil, 
Rudolph Nissen, accomplished the first total 
pneumonectomy for bronchiectasis in 1931. 
Nissen employed mass ligation of the hilum 
and allowed the lung to slough. Two years 
later Evarts Graham performed the first 
successful one-stage pneumonectomy for 
cancer of the lung (1933). 

In 1903 Mikulicz described the treatment 
of colon cancer by exteriorization.® This 
was essentially the procedure utilized by 
Bryant (1882), Bloch (1892), and Paul 
(1895). 

Just as the immortal Evarts Graham be- 
came a victim of cancer of the lung, which 
he had been the first to cure surgically, 
Mikulicz’s life was cut short by an inoper- 
able stomach cancer. He, himself, made the 
diagnosis by palpating the abdominal mass, 
which proved to be a carcinomatous extension 
from the posterior wall of the stomach invad- 
ing the pancreas.** Von Eiselsberg established 
its inoperability on exploration. Mikulicz 
spent the final days prior to his death hold- 
ing meetings in his home, encouraging and 
advising his pupils in what directions to 
carry their life’s work. So close a parallel 
existed between the life and spirit of Billroth 
and Mikulicz that Billroth’s letter in 1894 to 
Gersuny, written while looking across the 
sea in Abbazia and speculating beyond his 
worldly enclosure, could well have been writ- 
ten by Mikulicz: “My life was overly rich. I 
have received a lot and I was glad to give 
as much as I was able. Now, at the end of 
my life, in beauty and harmonious form it 
fades noiselessly from me. I hope the same 
for my good wife, my dear children, and my 
good faithful friends.” 
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Mikulicz’s letter to v. Eiselsberg a few 
days before his death said, “I am saying 
goodbye without reproach. I am satisfied with 
my life. I worked as hard as I was able to, I 
have been accorded considerable recogni- 
tion, and I have been happy.” Mikulicz died 
at the height of his activity and fame. The 
pupil of a master surgeon, Mikulicz had 
become an acknowledged leader in his pro- 
fession. 

Mikulicz’s trip in 1903 to England and the 
United States where he lectured and demon- 
strated his surgical procedures which were 
new on our continent, was a triumph. Hon- 
orary degrees were conferred on him in Edin- 
burgh, Glasgow, and Philadelphia; he was 
elected to the membership of the American 
Surgical Association, the College of Phy- 
sicians, and the New York Academy of 
Medicine. 

The monthly, Mitteilungen aus den 
Grenzgebieten der Medizin und Chirurgie, 
which Mikulicz founded with Naunyn in 
1896, was carried on in the hands of Anton 
v. Eiselsberg. 

Hacker (1852 to 1933). Viktor v. Hacker 
was a product of Vienna. Born in 1852, he 
received his medical degree in 1878. After 
his assistantship under Billroth, he became 
director of the Sophien-Spital in Vienna.®® 
He was appointed Professor of Surgery first 
in Innsbruck (1895) and later in Graz 
(1903). The experience with antiseptic treat- 
ment of wounds by the Billroth Clinic was 
summarized by Hacker in 1883. The trans- 
lation of this book into the English language 
attests to its great importance in that day.** 
In 1886, he summarized the experience of 
the Billroth Clinic with gastrectomies,°* and 
coauthored another study, Gastric Oper- 
ations in Cicatrical Stenoses (1895), with G. 
Lotheissen. Hacker’s works on chemical 
esophageal stenoses (1889), congenital 
anomalies and injuries of the esophagus 
(1905), replacement of the esophagus with 
the transverse colon (1914), and surgery of 
the esophagus (1926), approached the most 
difficult field in the surgical treatment of the 
digestive system.*? In his other studies he 
contributed to plastic surgery,®* °* treatment 
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of tracheal strictures,** mediastinitis,°** and 
neurosurgery.** 

Frankel (1857 to 1929). Billroth’s interest 
in surgical therapy of war injuries stemmed 
from his experiences in the field hospitals in 
Weissenburg and Mannheim (1870). Alex- 
ander Frankel continued these endeavors. 
Born in Jassy, Rumania, he obtained his 
medical doctor’s degree in 1880 in Vienna. 
After 3 years as Demonstrator in Pathology, 
he was assistant in the Billroth Clinic from 
1884 to 1890. 

In the Balkan campaign and in World 
War I he brought military surgery to a 
higher level.*° From 1895 to 1929, as Chief 
of Surgery of the Wiener Allgemeine Poly- 
klinik, he published studies on thrombosis, 
embolism, peritoneal sepsis, coverage of 
cranial defects, treatment of umbilical hernia, 
traumatic epilepsy, wound healing, surgical 
therapy of tuberculosis, cancer, and so 
forth.*!-°> Frankel was editor of the Wiener 
Klinische Wochenschrifi for 25 years. 

Eiselsberg (12860 to 1939). All of Bill- 
roth’s assistants acquired some characteris- 
tics of their friend and teacher, Theodor 
Billroth. He again was well aware of the 
qualities and potential of his pupils. He had 
called Eiselsberg, then in the early stages 
of his professional development, “‘an eminent 
surgeon of the first order.” Eiselsberg sur- 
passed Billroth in one respect, namely, 19 of 
his assistants succeeded to chairmanships of 
departments of surgery or as heads of surgi- 
cal specialties.?* ** In the history of surgical 
education, only our great Halsted has been 
able to equal this record.” 

Anton Eiselsberg was born in 1860 in 
Steinhaus, Austria. After studies in Wiirz- 
burg, Zurich, Paris, and Vienna, he ob- 
tained his medical degree in 1884. Assistant 
to Billroth since 1887, he was appointed 6 
years later as Chairman of the Surgical 
Clinic in Utrecht succeeding Salzer. 

The fame of Billroth was such that his 
assistants were called to foreign lands as 
surgeons-educators, even though they hardly 
spoke a word of the country’s tongue. The 
fact that Winiwarter, when called to Liege, 
had to learn French in 3 months in order 
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to deliver his lecture course, was impressive. 
Eiselsberg learned Dutch in as short a period 
of time. In 1896, he accepted the chair of 
surgery in K6nigsberg, having been offered 
the professorship in Prague the same year. 

A distinguished career for Eiselsberg was 
assured by his appointment in 1901 as 
Albert’s successor. For Eiselsberg to replace 
Albert was not a small task. Albert was the 
greatest speaker and teacher since Josef 
Hyrtl. His lecture course was more popular 
with the students than Billroth’s, a fact that. 
Billroth reluctantly accepted in one of his 
writings.'® His precise evaluation of a disease 
process as a pathologic entity was exem- 
plary.®> Albert’s Diagnosis of Surgical Dis- 
eases, which reached 9 editions, demon- 
strated the diagnostic excellence for which 
he was famous and its clarity was hailed as 
an example of medical writing. The honor 
of being the only Austrian up to that time to 
be elected to the membership of the Royal 
College of Surgeons in England proved his 
international reputation. 

Eiselsberg’s monograph on fracture treat- 
ment continued the traditions of his prede- 
cessor, but he looked into new fields. He 
made contributions in the experimental labo- 
ratory as well as in clinical investigations. 
He was the first to transplant a sarcoma to 
a rat and thus stimulated the field of ex- 
perimental oncology.*° 

To improve his bacteriologic knowledge, 
Billroth sent young Eiselsberg to Robert 
Koch’s laboratory in Berlin. Studies on de- 
tection of cocci in the blood and sweat, on 
the bacterial content of soaps and dressings, 
and on tetanus were stimulated by this as- 
sociation. The demonstration of pyogenic 
organisms in blood smears from patients suf- 
fering from infections with a septic clinical 
course was of practical significance.** 

The early clinical works of Eiselsberg 
concerning surgery of the thyroid gland and 
its relationship to the development of tetany 
after total thyroidectomy for a functional 
thyroid carcinoma are classical. Temporary 


postoperative hypothyroidism was relieved 


spontaneously when metastases appeared in 
the skull and recurred upon excision of the 
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secondary deposits. In 1892, Eiselsberg suc- 
cessfully transplanted autologous thyroid 
glands into the abdominal wall of thyroid- 
ectomized cats.?* Upon excision of the grafts, 
the animals developed tetany; the para- 
thyroid glands were at that time, of course, 
unknown. 

Surgery. of the gastrointestinal tract was 
Eiselsberg’s major preoccupation during his 
lifetime. In 1895, he reported on 38 oper- 
ations for gastric cancer that included 28 
gastroenterostomies with a mortality rate 
of 25 per cent and 10 gastrectomies with a 
mortality rate of 50 per cent. The anasto- 
moses were performed in 3 layers. As early 
as 1897, he could report on 40 major anasto- 
motic surgical procedures by his hand with 
a mortality rate of 17.5 per cent. None of 
the patients had died of a leak in the suture 
line, an unusual achievement for this period. 

Eiselsberg brought gastrointestinal surgery 
as practiced in his day to a high level of 
performance. These accomplishments, which 
Billroth foresaw, must have been a great 
satisfaction to him. Billroth often reminisced 
about his own early surgical days. Trying to 
gain experience, he had performed lapa- 
rotomies mostly in hopeless cases but without 
concern for complications. Billroth admitted 
that the number of patients lost was great. 
Some were saved, however, and experience 
was gained for the future. 

Hypophyseal surgery was developed in 
Vienna under Eiselsberg’s leadership.** One 
of his pupils, Bernard Aschner, was able in 
1909 to obtain survivals in puppies after 
hypophysectomy and demonstrate, thus, the 
growth function of the pituitary gland.’ 
Eiselsberg was one of the first to treat 
acromegaly by surgical intervention, report- 
ing in 1912 on 16 hypophyseal operations. 
Eiselsberg’s studies on the vertebral column 
and brain gave impetus to the growth of 
neurosurgery. It remained for Harvey 
Cushing, however, to develop this discipline 
into an entirely independent specialty. In 
1907, Eiselsberg performed his first success- 
ful removal of a spinal tumor and as early 
as 1913 was able to report with Ranzi on 
208 brain and spinal tumor operations. 
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Eiselsberg, just as Billroth, chose his 
students with great care. Everyone had to 
prove himself in another medical discipline, 
be it anatomy, pathology, bacteriology, 
chemistry, or internal medicine, prior to en- 
tering his clinic. The only subject of no 
importance in this selection was surgical 
“know-how”; that he was able to supply 
himself.®* 

Billroth was of the same opinion. “The art 
of operating,” he stated, “has as any other 
art, a certain basic technique which can 
be taught and learned. The operative tech- 
nique is based on knowledge of anatomy 
and individual ability. Technical talent can 
be replaced by constant exercise, as long as 
other attributes pertaining to a physician are 
available.” 

The admiration and love of his pupils was 
expressed in the Lehrbuch der Chirurgie A. 
von Eselsberg (Berlin, 1930). Anton v. 
Eiselsberg received many honors and became 
the second surgeon to be awarded the 
coveted Lister gold medal. He was awarded 
honorary doctors’ degrees from the Uni- 
versities of Athens, Budapest, Debreczin, 
Edinburgh, Geneva, Leiden, Vienna and the 
Sorbonne. Such distinctions as the presiden- 
cies of the German and International Sur- 
gical Societies did not spoil a humble man. 
When Eiselsberg reached 75 years of age, he 
declined the holding of any official public 
ceremonies in his honor. 


THE VIENNA SURGICAL SCHOOL, 
BILLROTH, AND THE SELECTION 
OF HIS SUCCESSORS 


Founding of the Allgemeine Krankenhaus 
(Fig. 7) in 1784 was the first essential step 
in the development of the Viennese Surgical 
School. Ferdinand Joseph v. Leber, Vinzenz 
v. Kern, and Joseph v. Wattman were its 
early members. The two most important 
surgical figures of the pre-Billroth era were 
Johann v. Dumreicher and Franz Schuh 
(Figs. 8 and 9). 

Dumreicher, who was famous for the uni- 
tarian concept of medicine and _ surgery 
which he had developed in his thesis De 
Unione Medicinae et Chirurgiae, was in- 
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Fig. 7. Das Allgemeine Krankenhaus at time of foundation by Joseph II in 1784. 


FOUNDING OF DAS ALLGEMEINE KRANKENHAUS - 1784 


Ferdinand Joseph v. Leber —~» Conrad M. Langenbeck —» 8.V. Langenbeck 


1729-1808 
Prof. of Surgery 1762-1805 


Vinzenz v. Kern 
1760-1829 
Prof. of Surgery 1805-1823 


Joseph v. Wattmann 


1776-1851 
Prof. of Surgery 
G6ttingen 1814-1848 


1810-1887 
Prof. of Surgery 
Berlin 1848-1882 


1789-1866 
Prof. of Surgery 1830-1847 
1842 
Surgical | 
Service Split 
Into lst Surgical Division 


Johann v. Dumreicher 
1815-1880 
Prof. of Surgery 1848-1880 


Eduard Albert 
1841-1900 
Prof. of Surgery 1881-1900 


Anton Eiselsberg 
1860-1939 
Prof. of Surgery 1901-1938 


Egon Ranzi 
1875-1939 
Prof. of Surgery 1938-1939 


L. Schénbauer 

1888- 

Prof. of Surgery 1939- 
Presently Emeritus 


2nd Surgical Division 


Franz Schuh 
1805-1867 
Prof. of Surgery 1842-1867 


Christian Albert Theodor Billroth <— 
1829-1894 
Prof. of Surgery 1868-1894 


? 


Karl Gussenbauer 
1842-1903 
Prof. of Surgery 1894-1903 


Julius v. Hochenegg 
1859-1940 
Prof. of Surgery 1904-1930 


Wolfgang Denk 

1882- 

Prof. of Surgery 1931- 
Presently Emeritus 


Fig. 8. The genealogy of the Vienna surgical school. 
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strumental in splitting the growing surgical 
university service in 1841. : 

Schuh, the first head of the newly built 
Second Surgical Clinic, adopted and ex- 
panded Joseph Skoda’s clinical diagnostic 
techniques for the surgical patient. He was 
the first to aspirate successfully a pericardial 
effusion by means of a trocar and cannula 
in 1841. 

It is odd that Billroth, who must have 
been familiar with his predecessor Schuh’s 
successes concerning pericardial paracenthesis, 
vehemently opposed this procedure. His 
statement as late as 1882 that “paracenthesis 
of the dropsical pericardium is an operation 
which, in my opinion, is very near what some 
surgeons call prostitution of the art of 
surgery and others call surgical frivolity” 
was whimsical but retarded progress in this 
field. There is no evidence that Billroth ever 
opposed Schuh in any other way. A keen 
student of history, Billroth must have been 
familiar with the original suggestion to as- 
pirate pericardial fluid by Riolanus (1649) 
and Morgagni’s demonstration that pres- 
sure upon the heart by effusion in the peri- 
cardial sac could cause cardiac arrest. Two 
years after Billroth’s pronouncement, we find 
Gussenbauer (1884) draining a pericardial 
effusion through the thorax with complete 
recovery of the patient. He resected the left 
fifth rib anteriorly with the intention of 
draining a thoracic empyema. In 1895, 
Eiselsberg successfully drained a purulent 
pericardial accumulation. 

Surgery of the thoracic cavity and the 
heart presented to Billroth a psychological 


barrier. He was not able to foresee the de-. 


velopment of cardiac surgery when he wrote 
in 1883, “The surgeon who would attempt 
suture of a cardiac wound should lose the 
respect of his colleagues.” Tempora mutant! 

Dumreicher, head of the First Surgical 
Clinic, and highly influential in the reigning 
circles, after rebuilding Austrian military 
medicine, urged Albert’s appointment as his 
successor. Albert also had the support of 
Joseph Skoda, as acknowledged in his speech 
at the occasion of his twenty-fifth jubileum 
(1899). 
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Billroth and Albert together accomplished 
the reorganization of medical studies at 
Austrian universities (1878). Billroth’s 
analysis of the Austrian and German uni- 
versity systems was translated into English 
which attested to its world-wide importance.” 
These attempts at reforms were of similar 
importance, even though not executed on as 
large a scale as the reforms of v. Swieten in 
Vienna 50 years before, or those of our own 
great medical educator, Simon Flexner, son 
of an immigrant coal miner from Bohemia, 
30 years later. 

By the time Albert took over Dumreicher’s 
department, he was a seasoned surgeon, hav- 
ing held the professorship in Innsbruck from 
1873 to 1881. Whereas Billroth was the more 
aggressive, adventurous, experimental sur- 
geon, Albert was inclined to contemplative 
theorizing. His special fortes were diagnos- 
ing in the old tradition and precise per- 
formance of established surgical procedures. 
Albert’s mastery of philosophy, mathematics, 
and descriptive geometry, which was ac- 
knowledged by his contemporaries in those 
specialties, helped in _ investigations on 
mechanisms of joint function, skeletal archi- 
tecture, and heat economy of the heart and 
lungs. He published over 160 clinical and 
physiologic experimental studies, some of 
purely theoretical nature. His History of 
Surgery and several volumes of poetry are 


Franz S. Schuh 


Johann v. Dumreicher 


Fig. 9. Members of the Vienna surgical school, 
1762 to 1880. 
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examples of his broad interests. Albert’s ap- 
pointment as Professor of Surgery despite 
Billroth’s support of his own assistant, 
Czerny, was a great personal victory. 


Fig. 10. A, Eduard Albert, Professor of Surgery, 
University of Vienna (First Surgical Division), 
1848 to 1880, and B, his pupil, Julius Hochenegg. 
Professor of Surgery, University of Vienna (Second 
Surgical Division), 1904 to 1930. 
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Czerny’s vindication must have been the 
offer extended to him in 1894 to succeed 
Billroth in Vienna. This was perhaps the 
greatest honor anyone could bestow on him. 
Despite Albert’s urging, Czerny abruptly 
declined the appointment.®* He was involved 
in planning his major accomplishment of 
building the cancer institute. In addition, it 
is likely that already at this time he was suf- 
fering from chronic leukemia. 

The Second Surgical Service of Billroth 
was occupied by Gussenbauer until 1904, 
upon whose death Julius Hochenegg, the able 
pupil of Albert, was appointed Professor®’ 
(Fig. 10). 

Eiselsberg’s appointment to Albert’s surgi- 
cal professorship historically completes the 
circle. Justice was thereby done to both rival 
branches of the Vienna surgical school. 

Billroth’s musical talents favorably com- 
pare with Albert’s poetic inclinations. Science 
and art imbibe from the same fountain! Bill- 
roth wrote to Brahms in 1886 saying that he 
had never known a scientist, or read about 
one, who in principle was not an artist with 
a rich and childish phantasy. 

One may speculate why so many pupils 
of Billroth and, in general, many professors 
at the University in Vienna, such as Skoda, 
Rokitansky, Hebra, and Albert, came from 
provincial areas (Bohemia, Moravia, and 
Transylvania). The Austro-Hungarian em- 
pire was a multilingual conglomeration of 
German, Czech, Hungarian, Polish, Slovak, 
Ukranian, Rumanian, Croatian, and Italian 
speaking peoples. A strong element of cen- 
tralization in Vienna, due to the fact that 
this city was the seat of the Emperor and the 
central government, brought greater support 
to its institutions of learning. This fact in- 
duced many ambitious individuals from the 
provinces to seek employment and advance 
their cause under more favorable circum- 
stances. Greater competition produced better 
men and these men were able to build a 
university unequalled on the continent of 
Europe in the second half of the nineteenth 
century. 

Surgeons always have built concepts, many 
of which disappeared and were forgotten as 
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time passed by. It is of more than passing 
significance how many concepts introduced 
in Vienna by Billroth and his school still 
remain with us. 

Billroth and his pupils probed in the 
laboratory, observed on the wards, and 
achieved in the operating theater! 

The search for truth, the look into the 
future, with knowledge of what was ac- 
complished in the past, was the credo of 
Biilroth’s surgical school. 


I am grateful to Dr. Owen H. Wangensteen. 
Chief, Department of Surgery, University of Min- 
nesota, for stimulating this study and for helpful 
assistance; to Dr. H. Schoenbauer, Professor of 
History of Medicine, University of Vienna; to 
Dr. A. S. Leonard, Department of Surgery, Uni- 
versity of Minnesota; and to Mr. J. G. Ziegler, 
Greenwich, Connecticut, for corrections and ad- 
vice. The assistance of Mrs. S. Matsuyama-Kobe, 
B.A., in the search for the pertinent references 
was greatly appreciated. I am a!so grateful for 
the materials used in the illustrations which 
were obtained from many sources, including 
L. Schoenbauer, Das Medizinische Wien; A. 
Hurwitz and G. A. Rogenshein, Milestones in 
Modern Surgery; the United States Public Health 
Service, Bethesda, Maryland; Wiener Klinische 
Wochenschrift; Bulletin de l’Académie royale de 
médicine de Belgique; and the Archives of History 
of Medicine, Department of Surgery, University 
of Minnesota. 
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An intimate view of the Letheon 


controversy 


Il. discovery of anesthetics was like 


the opening of the door to an endless cor- 
ridor flanked on either side with countless 
other doors, all slightly ajar and waiting for 
someone to push them open and reveal their 
secrets. The importance of this milestone is 
self-evident, but the tremendous impact it 
had on the development not only of surgery, 
but also of related fields, was immeasurable. 
It marked the end of the era of stop-watch 
surgery, and provided the “open sesame” to 
a surgical attack on all organs of the body. 
In contradistinction to the rapid and crude 
operations that had to be practiced in the 
preanesthetic era, surgical procedures could 
now be refined to embrace careful hemo- 
stasis, painstaking exposure, and meticulous 
handling of tissues. 

In 1824 Hickman attempted to relieve 
pain by inhalation of gas. This work was ne- 
gated by the Royal Society when Davy, who 
had also reported the analgesic properties of 
nitrous oxide, was president. Jackson, who 
first familiarized Crawford Long with the 
properties of ether, failed to recognize its 
value and its eventual impact on mankind. 
The ill-fated Horace Wells, who failed in his 
attempt to introduce nitrous oxide as an 
anesthetic, committed suicide. Pope actually 
performed the first dental extraction under 
ether administered by Clarke, but he also 
was unaware of its potentialities. Crawford 
Long removed a tumor from the neck of a 
patient under ether anesthesia in 1842, but 
did not report the incident until 1846. His 
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discovery was based on the observation of 
insensibility to pain induced during “ether 
frolics’ which were in vogue in Georgia at 
that time. 

It remained for Morton (Fig. 1) to con- 
vince Dr. John C. Warren, a senior surgeon 
at the Massachusetts General Hospital in 
Boston, of the efficacy of ether as an anes- 
thetic agent. The success of the experiment 
(Fig. 2) received immediate acclaim and 
initiated the impetus to its widespread use. 
Morton, who had given up a lucrative den- 
tal practice, then tried to patent ether under 
the name of Letheon. He actually received a 
patent, but it was rescinded. Wells, Jackson, 
and Long all filed claims to priority and the 
fight was carried to the United States 
Senate. A patent was refused after several 
attempts, and even the President of the 
United States became involved. In 1862 
Morton, broken and humiliated, returned to 
his farm, where he lived in poverty until 
1868. Goaded on by a new pamphlet writ- 
ten by Jackson, he journeyed to New York 
to file suit against him and died there of a 
stroke a few days later. It is a paradox that 
a discovery which was to relieve more suffer- 
ing than any other should have brought so 
much misery to the principals who were re- 


- sponsible for it. The Letheon controversy 
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received considerable publicity and the good 
name of medicine suffered. 

In our researches for Milestones in Mod- 
ern Surgery we came across an article writ- 
ten by Mrs. William T. G. Morton (Fig. 5) 
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on the fiftieth anniversary of her husband’s 
demonstration of his discovery. We have not 
been able to identify the magazine since the 
pages carried no name in the heading. 

Although volumes have been written on 
the subject, this article gives such a heart- 
rending personal account of Morton’s fate, 
that we considered it worthy of reproduc- 
tion. 


THE DISCOVERY OF ANESTHESIA* 


Dr. W. T. G. Morton and his heroic battle 
for a new idea. How painless surgery began 
fifty years ago. 


By Elizabeth Whitman Morton 


My husband, whose full name was William 
Thomas Green Morton, was born in Charlton, 
Massachusetts, August 19, 1819. The family house 
stood on a farm of about one hundred acres, and 
was an old-fashioned wooden structure with an 
immense stone chimney in the centre. It was 
shaded by old trees, and covered by creepers and 
climbing plants. It was a typical New England 
farm-house, and the boy grew up among whole- 
some surroundings, gaining a strength of body 
that served him in the severe strain of later years. 
Curiously enough, even at an early age his mind 
turned naturally toward medicine, and he was 
nicknamed ‘doctor’ by his playmates, for whose 
imaginary ills he used to prescribe learnedly from 
an outfit of elder-tree vials and bread pills. On 
one occasion he nearly caused the death of his 
little sister by pouring down her throat some 
extraordinary concoction of his own, while she lay 
asleep in her cradle. 

The instruction he received was imparted in 
the schools of his native town and at the neighbor- 
ing academies of Leicester and Northfield, where 
he studied hard for three years, leaving at the 
age of seventeen, when he went to Boston to begin 
earning his living. Here he gained employment in 
the publishing house of the editor of the “Chris- 
tian Witness,’ James B. Dow, whose beautiful 
wife took a great interest in him and arranged 
that he should live with them. Both Mr. and 
Mrs. Dow showed themselves staunch friends to 
the young man, and recognized his unusual tal- 
ents. The friendship was maintained to the end 
of Dr. Morton’s life. Kind as they were to him, 
however, he soon became dissatisfied, his duties 
allowing him little time for study, which was his 
great ambition. So devoted was the boy to books 


*It will be fifty years on the 16th of next October since 
Dr. Morton publicly proved his priceless discovery, and 
the jubilee of the events is to be celebrated in Boston. 
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that all his leisure moments were spent in read- 
ing. A few months of this busy life convinced him 
that he could never be happy in that way of 
existence, and, uncertain what to do and home- 
sick, he went back to his father’s house in Charl- 
ton. He then concluded to study dentistry, which 
at that time had attained the dignity of a re- 
spected profession. 

His success was rapid. In 1844, two years after 
his graduation at the Baltimore College of Den- 
tal Surgery (the first dental college established in 
America), he was earning from his profession an 
income of about ten thousand dollars, being al- 
ready recognized as one of the most skilful 
dental surgeons in Boston. He had established 
himself in Boston a little before our marriage, I 
being a young girl of seventeen, just out of Miss 
Porter’s school at Farmington, Connecticut, where 
my father lived. For a year before, Dr. Morton 
had paid me attentions, which were not well 
received by my family, he being regarded as a 
poor young man with an undesirable profession. 
I thought him very handsome, however, and he 


Fig. 1. Dr. William T. G. Morton. (From a 
photograph taken in 1854 by Silsbee, Case & 
Co., Boston, Mass. ) 
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Fig. 2. Dr. Morton making the first public demonstration of etherization at the Massachusetts 
General Hospital, Boston, Oct. 16, 1846. (After a steel engraving published in Trials of a 
Public Benefactor, by Nathan P. Rice, M.D., New York, 1859, Pudney and Russell, Publishers. ) 


was much in love with me, coming regularly 
from Boston to visit me. I learned later on that 
from the first day he saw me he had determined 
to marry me if he could, and after his death I 
found in an old diary of that year an entry 
written just after my first meeting with him, 
where he expressed his intention of making me 
his wife, and even noted the gown and hood I 
wore. In my eighteenth year he took me from the 
fine old homestead we lived in—quite an historic 
mansion it was, where John C. Calhoun had of- 
ten visited my father’s family—and brought me to 
Boston. My uncle Lemuel was then a classmate 
of Calhoun’s in Yale, and later on a member of 
Congress from Connecticut. Two others of my 
Whitman ancestors, father and son, were gradu- 
ated at Harvard, one in 1668, and the other in 
1696. The son settled in Farmington as one of 
the earliest ministers. 

Dr. Morton was one of those tremendously 
earnest men who believe they have a high destiny 
to fulfil, How may times he said to me in the 
months preceding his great discovery: “I have a 
work to do in this world, Lizzie!’ Or, again: 
“The time will come when I will do away with 
pain!” During our early married life, while he 
was making himself known as one of the most 
skilful dentists in Boston and carrying on an 
enormous business, he found time in addition to 
pursue his medical studies at the Harvard Medical 
School, in order to take a medical degree, for he 
had promised my mother to give up dentistry. 


Every morning he used to rise between four and 
five o’clock to get time for what he called his 
serious work; and never shall I forget my sen- 
sation as a young bride at sleeping in a room 
where a tall, gaunt skeleton stood in a big box 
near the head of the bed. After the first successful 
use of the sulphuric ether, the immense responsi- 
bilities that came upon him, and the unceasing 
anxiety and annoyances, compelled him to give up 
the study of medicine and devote himself to 
anesthesia. This was a great grief to him, because 
he was at that time within a few months of 
taking his degree. 

At the time of our marriage Dr. Morton was 
twenty-four years old, and, as I have said, his 
mind was already occupied with thoughts destined 
to lead to his discovery. Every spare hour he 
could get was spent in experiment. At Wellesley, 
Massachusetts, where was our summer home, 
there was a spring which contained a number of 
gold-fish, and I noticed that my husband would 
often go to it, and I would see him catching the 
fish and looking at them intently as if studying 
them as he held them wriggling in his hand. 
Then he used to make experiments nearly every 
day on “Nig,” a black water-spaniel, a good-sized 
dog that had belonged to his father. I was only a 
girl of eighteen at this time, and had not the 
least idea of what he was trying to do; nor 
would I have understood the importance of his 
experiments had he told me. I only knew that his 
clothes seemed always saturated with the smell of 
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ether, and I did not like it. One day he came 
running into the house in great distress (for he 
was always tender-hearted), leading the dog, 
which walked rather queerly, and said: 

“Poor Nig; I’ve had him asleep a long time. I 
was afraid I had killed him.” 

“Do you put the fish asleep, too?” I asked, 
laughing. 

“I try to,” he said quite seriously, “but have 
not succeeded yet.” 

I laughed again, thinking it was all a joke, but 
my husband became very grave, and said: 

“The time will come, my dear, when I will 
banish pain from the world.” 

It was at this time also that he used to bottle-up 
all sorts of queer bugs and insects, until the 
house was full of crawling things. He would ad- 
minister ether to all these little creatures, and 
especially to the big green worms he found on 
grapevines. 

I remember how Dr. Morton’s friends laughed 
at these queer experiments, and I am afraid I 
joined with them sometimes. But he continued on 
his. way undaunted, frequently saying: “I shall 
succeed; there must be some way of deadening 
pain.” 

As he began to near success I became alarmed, 
for, not satisfied with trying the ether on bugs 
and animals, my husband began experimenting 
upon himself. He sent out his assistants offering a 
reward of five dollars to any person who would 
have a tooth drawn while under the influence of 
his pain-annulling agency. There were many 
people suffering from aching teeth which needed 
to be extracted, and the five dollars was an ob- 
ject; but no one could be induced to take the 
risk. Finally his two assistants allowed him to ex- 
periment upon them, but the result was not satis- 
factory, because of impurities in the ether. Having 
detected this, my husband, with characteristic 
persistence, at once procured a supply of pure 
ether, and, unwilling to wait longer for a subject, 
shut himself up in his office, and tested it upon 


himself with such successs that for several minutes © 


he lay there unconscious. That night he came 
home late, in a great state of excitement, but so 
happy that he could scarcely calm himself to tell 
me what had occurred; and I, too, became so 
excited that I could scarcely wait to hear. At last 
he told me of the experiment upon himself, and 
I grew sick at heart as the thought came to me 
that he might have died there alone. He went on 
to say that he was resolved not to sleep that 
night until he had repeated the experiment, and 
declared that, late as it was, he must still find 
a patient. Returning to his office, he could find 
no ene who could be induced to have a tooth 
drawn by the “painless method,” which was what 
the doctor was now so eager to demonstrate. 
Discouraged, he was on the point of etherizing 
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himself once more, and having one of his assist- 
ants extract a tooth from his own head, when 
there came a faint ring at the bell. 

It was long past the hour for patients, but 
there stood a man with his face all bandaged, and 
evidently suffering acute pain. And strangest of 
all were his words. 

“Doctor,” he said, “I have the most frightful 
toothache and my mouth is so sore I am afraid to 
have the tooth drawn. Can’t you mesmerize me?” 

The doctor could ‘almost have shouted with 
delight, but, preserving his self-possession, he 
brought the man into his office and told him he 
could do something better than mesmerize him. 
Then he explained the purpose of administering 
the sulphuric ether, and the man eagerly con- 
sented. Without delay my husband saturated a 
handkerchief with ether, and held it over the 
man’s face, for him to inhale the fumes. The 
assistant, Dr. Hayden, who held the lamp, trem- 
bled visibly when Dr. Morton introduced the 
forceps into the mouth of the man and pre- 
pared to pull the tooth. Then came the strain, 
the wrench, and the tooth was out, but the 
patient made neither sign nor sound; he was 
quite unconscious. 

Dr. Morton was overjoyed at the result. Then, 


Fig. 3. Elizabeth W. Morton, wife of Dr. Morton. 
(From a photograph taken in Washington in 
1862.) 
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Dr. and Mrs. Morton and their children at their summer home at Wellesley. (Drawn 
by Victor Perard from a photograph taken in 1856.) 


as the man continued to make no movement, he 
grew alarmed, and it flashed through his mind 
that perhaps he had killed his patient. Snatching 
up a glass of water, he emptied it full into the 
face of the unconscious man, who presently opened 
his eyes and looked about him in a bewildered 
way. 

“Are you ready now to have the tooth out?” 
asked the doctor. 

“T am ready,” said the man. 

“Well, it is out now,” said the doctor, pointing 
to the tooth lying on the floor. 

“No!” cried the man in greatest amazement, 
springing from the chair, and being a good Meth- 
odist, shouting, “Glory! Hallelujah.” 

From that moment Dr. Morton felt that the 
success of sulphuric ether was assured. Thence- 
forward he was unceasing in his efforts to bring 
his discovery before the medical world, and, after 
many discouragements, he succeeded in inducing 
Dr. John C. Warren, senior surgeon in the Massa- 
chusetts General Hospital, to allow him to visit 
the hospital and try his discovery upon a patient 
who was about to be operated upon. 


The night before the operation, my husband - 


worked until one or two o’clock in the morning 
upon an inhaler he had devised, and then re- 
garded as.essential to the operation, although it 
has since been discarded. I assisted him, nearly 


beside myself with anxiety, for the strongest in- 
fluences had been brought to bear upon me to 
dissuade him from making this attempt. I had 
been told that one of two things was sure to 
happen; either the test would fail and my hus- 
band would be ruined by the world’s ridicule, or 
he would kill the patient and be tried for man- 
slaughter. Thus I was drawn in two ways; for 
while I had unbounded confidence in my _ hus- 
band, it did not seem possible that so young a 
man (he was only twenty-seven years old at this 
time) could be wiser than the learned and scien- 
tific men before whom he proposed to make his 
demonstration. 

After resting a few hours, Dr. Morton was off 
early in the morning to see the instrument-maker. 
for there were still changes necessary in the in- 
haler. From that moment I saw nothing of him 
for twelve hours, which were hours of mortal 
anxiety. How they dragged along as I sat at the 
window, expecting every moment some messenger 
to tell me that the patient had died under the 
ether and the doctor would be held responsible! 
Two o'clock came, three o’clock, and it was not 
until nearly four that Dr. Morton walked in. 
with his usually genial face so sad that I felt 
failure must have come. He took me in his arms, 
almost fainting as I was, and said tenderly: “Well, 
dear, I succeeded.” 
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In spite of these words, his gloom of manner 
and evident depression made it impossible for me 
to believe the good news. It seemed as if he 
should have been so highly elated at having ac- 
complished one of the most splendid achievements 
of the century, and yet there he was, sick at 
heart, crushed down, one would have said, by a 
load of discouragement. This was due not only to 
bodily fatigue and the reaction after his great 
efforts, but to an intuitive perception of the 
troubles in store for him. It is literally true that 
Dr. Morton never was the same man after that 
day; his whole life after was embittered through 
this priceless boon he had conferred upon the 
human race. 

Of the three men now living who saw this 
first operation upon a patient under the influence 
of ether, one is Dr. Robert Davis of Fall River. 
He was then a medical student in Boston, and he 
has given me the description of what happened 
on this memorable occasion. The amphitheater of 
the operating-room was crowded with members of 
the medical profession, doctors and students, all 
curious, and all skeptical, as to the outcome of 
the experiment to be made. All the greatest sur- 
geons of Boston were present, including the cele- 
brated Dr. Jacob Bigelow, whose son, Dr. Henry 
J. Bigelow, a young and enthusiastic surgeon of 
about Dr. Morton’s age, was a warm friend of 
Dr. Morton’s and perhaps the only man present 
who had faith in him. It must be said, however, 
that he had more grounds for this belief than the 
others, since he had been privileged to witness 
some of my husband’s previous tests with ether 
in private. 

The hour for the operation arrived and Dr. 
Morton was not on hand. Five minutes passed, 
ten minutes, and then Dr. Warren, the eminent 
surgeon, looking around with a smile on his face, 
slightly sarcastic, suggested that, as Dr. Morton 
was not present, it might be well to let the 
operation go on in the usual way. The patient 
had meantime been brought in, and was lying on 
the operating-table deathly white, doubly appre- 
hensive of what was to come. At that moment 
Dr. Morton came in, breathless from haste, car- 
rying the inhaler, which had just been delivered 
to him by the maker and had nearly been the 
cause of the failure of the test. 

Without any delay, and with a coolness and 
self-possession in strong contrast with the general 
nervous tension of the assembly, Dr. Morton pro- 
ceeded to administer sulphuric ether to a human 
being, for the purpose of destroying pain by 
forced anesthesia in a surgical operation, for the 
first time in the world’s history. Pouring the 
liquid into the inhaler, he lifted the latter to the 
patient’s nostrils, and held it there for some 
minutes, allowing the man to breathe the fumes. 
Then, looking into his face intently, and feeling 
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the pulse, he turned to Dr. Warren, who stood 
near with his surgeon’s knife behind him, and 
said in a quiet tone that sounded plainly through 
the silence: 

“Your patient is ready, doctor.” 

Then in all parts of the amphitheatre there 
came a quick catching of the breath, followed by 
a silence almost deathlike, as Dr. Warren stepped 
forward and prepared to operate. The sheet was 
thrown back, exposing the portion of the body 
from which a tumor was to be removed, an 
operation exceedingly painful under ordinary con- 
ditions, although neither very difficult nor very 
dangerous. The patient lay silent, with eyes closed 
as if in sleep; but everyone present fully expected 
to hear a shriek of agony ring out as the knife 
struck down into the sensitive nerves. But the 
stroke came with no accompanying cry. Then 
another and another, and still the patient lay 
silent, sleeping, while the blood from severed 
arteries spurted forth. The surgeon was doing his 
work, and the patient was free from pain, so it 
seemed at least; and all in wonder strained their 
eyes and bent forward, following eagerly every 
step in the operation. Those in the front rows 
leaned far over or knelt on the floor, so that 
those behind might see better. The operation ad- 
vanced quickly and easily to its finish. The tumor 
was taken away, the arteries fastened with liga- 
tures, the gaping wound sewed up, then dressed 
and bandaged. Half an hour covered the whole 
of it. During that time no cry or groan escaped 
the patient, no indication of suffering. 

Dr. Morton aroused the patient after the 
operation was completed, and said, “Did you feel 
any pain?” The patient replied, “No.” Then Dr. 
Warren, turning to the company, said in his im- 
pressive manner, “Gentlemen, this is no humbug.” 
All pressed about Dr. Morton and congratulated 
him upon his success. 

Many successful operations, followed quickly. 
The hospital authorities, though, refused to make 
further use of the discovery, on the ground that 
they did not know the nature of the drug em- 
ployed in inducing unconsciousness. My husband 
at once offered to give them full information on 
this point; but opposition had been aroused, and 
for several weeks operations at the hospital were 
performed by the old method of making the 
patient bear the torture. 

Partly with a view to keeping this discovery out 
of the hands of persons who might use it un- 
wisely, and acting upon the advice of Rufus 
Chate and Caleb Cushing, lawyers of national 
reputation, Dr. Morton patented his application 
of sulphuric ether; but he never enforced the 
patent, for his humanity was too great to keep 
back from suffering millions so precious an agency 
of relief. Yet he was criticized on all sides for 
taking out the patent, and cruel attacks were 
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made upon him that cut him to the heart. At 
this time, it seemed to us who had to bear the 
brunt of these attacks that the value of this 
greatest of blessings, brought so suddenly and un- 
expectedly to the suffering, was lost sight of in 
the attempt to traduce the discoverer’s character 
and motive. Abuse and ridicule were showered 
upon him by the public press, from the pulpit, 
and also by prominent medical journals, for pre- 
suming or daring to claim that he could prevent 
the pain of surgical operations. In those days I 
feared to look into a newspaper, for what wife 
does not feel more keenly unjust aspersions on 
her husband than he for himself? Then, too, the 
world’s way—jealousy, malice, and envy—was 
new to me. Soon there sprang up contestants to 
Dr. Morton’s title of discovery; men who claimed 
as theirs the work which he had accomplished 
with such infinite labor and for which he had 
hazarded life and reputation. 

After the successful use of the sulphuric ether 
at the hospital, it became necessary to find a 
name for the new agent, and much discussion 
ensued. A meeting of physicians was called at the 
house of Dr. A. A. Gould, among those present 
being Dr. Oliver Wendell Holmes, Professor 
Agassiz, and Dr. Henry J. Bigelow, one of Bos- 
ton’s most eminent surgeons, who had encouraged 
Dr. Morton in his experiments at a time when 
many were in doubt or against him. Dr. Gould 
read a list of names that had been suggested, and 
on hearing the word “Letheon,’ my husband ex- 
claimed: “That is the name; I want the dis- 
covery christened ‘Letheon.’” Others were of the 
same opinion, but finally the suggestion of Dr. 
Holmes was accepted, and the word, “anesthesia” 
was chosen. 

In spite of the various efforts that were made 
during subsequent years to obtain recognition 
from the United States government of Dr. Mor- 
ton’s services to the country and to the world, 
nothing was ever done. This was, perhaps, the 
greatest sorrow of my husband’s later years, a 
sorrow rendered all the more keen from the fact 
that other governments hastened to bestow upon 
him orders and decorations. Russia gave him the 
“Cross of the Order of St. Vladimir’; Norway 
and Sweden gave him the “Cross of the Order of 
Vasa”; and the French Academy of Arts and 
Sciences sent him a gold medal, the Montyon 
prize. What he regarded as his greatest treasure 
was a small silver casket containing one thousand 
dollars in money, and presented by the trustees 
of the Massachusetts General Hospital. This was 
given “in honor of the ether discovery, September 
30, 1846.” The casket, medal, and decorations are 
now in the Historical Rooms in Boston, as well as 
many original documents relating to the discovery, 
the medals and the orders. In 1852, Dr. Morton 
received the honorary degree of Doctor of Medi- 
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cine from his original alma mater, the Washington 
University of Medicine, afterwards merged into 
the College of Physicians and Surgeons, of Balti- 
more, Maryland. 

During the war my husband served with Grant 
in the battle of the Wilderness, and with General 
Burnside at Fredericksburg, and had abundant 
opportunity to demonstrate the value of his dis- 
covery in the treatment of surgical cases on the 
battlefield. The following is an extract from one 
of his letters, which was written to a friend in 
May, 1864: 

‘When there is any heavy firing heard, the 
ambulance corps, with its attendants, stationed 
nearest to the scene of action starts for the 
wounded. The ambulances are halted near by, 
and the attendants go in with stretchers and 
bring out the wounded. The rebels do not gen- 
erally fire upon those wearing ambulance badges. 

“Upon the arrival of a train of ambulances at 
a field hospital, the wounds are hastily examined, 
and those who can bear the journey are sent at 
once to Fredericksburg. The nature of the opera- 
tions to be performed upon the others is then 
decided upon, and noted on a bit of paper pinned 
to the pillow or roll of blankets under each pa- 


‘tient’s head. When this had been done, I prepared 


the patients for the knife, producing perfect anes- 
thesia in an average time of three minutes, and 
the operators followed, performing their opera- 
tions with dexterous skill, while the dressers in 
their turn bound up the stumps.” 

Dr. John H. Brinton of Philadelphia, in a 
valedictory address to the graduating class of 
Jefferson Medical College of Philadelphia in 1892, 
relates an interesting incident from _ personal 
reminiscence. 

“In the early summer of 1864, during the 
fierce contest in the Virginia wilderness, I was 
present officially at the headquarters of Lieu- 
tenant-General Grant, on whose staff I had previ- 
ously served. When in conversation with him, an 
aide approached, and said to him that a stranger, 
a civilian doctor, wished to see him for the pur- 
pose of obtaining an ambulance, for his personal 
use in visiting the field hospitals. The answer of 
the general was prompt and decided: ‘The am- 
bulances are intended only for the sick and 
wounded, and under no circumstances can be 
taken for private use.’ This response was carried, 
as given, to the waiting applicant, a travel-stained 
man in brownish clothes, whom at the distance, I 
thought I recognized. I went to him and found 
that he was Dr. W. T. G. Morton. I asked him 
to wait a minute, and returned to the general. 
On repeating his request, I received the same an- 
swer. ‘But, general,’ I ventured to say, ‘if you 
knew who that man is, I think you would give 
him what he asks for.’ 

* ‘No, I will not, he replied. ‘I will not divert 
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an ambulance to-day for any one; they are all 
required elsewhere.’ 

“**General,’ I replied, ‘I am sure you will give 
him the wagon, he has done so much for man- 
kind, so much for the soldier—more than any 
soldier or civilian has ever done before; and you 
will say so when you know his name.’ 

“The general took his cigar from his mouth, 
looked curiously at the applicant, and asked, 
‘Who is he?’ 


“*He is Dr. Morton, the discoverer of ether,’ . 


I answered. 

“The general paused a moment; then said, 
‘You are right, doctor, he has done more for the 
soldier than any one else, soldier or civilian, for 
he has taught you all to banish pain. Let him 
have the ambulance and anything else he wants.’ 

“ Afterward, during his stay, by order of the 
general commanding, he was tendered the hos- 
pitalities of the headquarters, ambulance, tent, 
mess, and servant.” 

Now I come to the last days of my husband’s 
life. On July 6, 1868, he left Etherton Cottage 
for New York, to reply to an article that had 
recently appeared in one of the monthlies ad- 
vocating Dr. Jackson’s claim to be the discoverer 
of sulphuric ether. It was some time since any- 
thing of the sort had appeared, for medical jour- 
nals the world over had admitted Dr. Morton’s 
right to the discovery, and this article agitated 
him to an extent I had never seen before. The 
weather was very hot, and on July 11 he tele- 
graphed me that he was ill and wished me to 
come to him. I went at once, and found he was 
suffering with rheumatism in one leg. Under the 
treatment of the distinguished Dr. Sayre, my hus- 
band improved, and on Wednesday, after dinner, 


‘he proposed we should drive to Washington 


Heights and spend the night there at the hotel, 


as a change from the hot city. We started out . 


about eight o’clock in the evening, Dr. Morton 
himself driving. 

After a little he complained of feeling sleepy, 
but refused to give me the reins or to turn back. 
Just as we were leaving the Park, without a word 
he sprang from the carriage, and for a few mo- 
ments stood on the ground, apparently in great 
distress. Seeing a crowd gathering about, I took 
from his pocket his watch, purse, also his two 
decorations and the gold medal. Quickly he lost 
consciousness, and I was obliged to call upon a 
policeman and a passing druggist, Dr. Swann, 
who assisted me. We laid my husband upon the 
grass, but he was past hope of recovery. We sent 
at once for a double carriage, but it was an hour 
before one came. Then two policemen lifted him 
tenderly upon the seat, I being unable to do any- 
thing from the condition I was in: the horror 
of the situation had stunned me, finding myself 
alone with a dying husband, surrounded by 
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strangers, in an open park at eleven o’clock at 
night. 

We were driven at once to St. Luke’s Hospital, 
where my husband was taken in on the stretcher, 
and immediately the chief surgeon and house 
physicians gathered about him. At a glance the 
chief surgeon recognized him, and said to me: 
“This is Dr. Morton?” 

I simply replied, “Yes.” 

After a moment’s silence he turned to the 
group of house pupils, and said: “Young gentle- 
men, you see lying before you a man who has 
done more for humanity and for the relief of 
suffering than any man who has ever lived.” 

In the bitterness of the moment, I put my 
hand in my pocket, and taking out the three 
medals, laid them beside my husband, saying: 
“Yes, and here is all the recompense he has ever 
received for it.” 

Dr. Morton died at the age of forty-eight. He 
was buried in Mt. Auburn Cemetery, near Bos- 
ton, in the presence of many noted physicians 
of Boston. Over his grave stands a monument 
erected by the citizens of Boston, with this in- 
scription, written by the late Dr. Jacob Bigelow 
of Boston: 

“William T. G. Morton, Inventor and Revealer 
of Anesthetic Inhalation. By whom pain in sur- 
gery was averted and annulled. Before whom in 
all times surgery was agony. Since whom science 
has control of pain.” 

Dr. Morton’s recreation was work on his farm 
at Wellesley, the town which is now the seat of 
Wellesley College. He was always a great lover 
of nature. People did not interest him very much, 
and he cared little for clubs. Not long after our 
marriage he purchased from a brother of Edward 
Everett a small place at Wellesley, then West 
Needham, where we went to live in the spring of 
1846, having built a new cottage, and where sev- 
eral of our children were born. 

My husband loved his children and made com- 
panions of them. He taught his boys to shoot as 
soon as they were large enough to hold a re- 
volver, and vied with them in target practice until 
they became experts. My second son, Edward, 
possibly influenced by this early training, served 
through the Zulu war in South Africa, as a mem- 
ber of the Cape Mounted Rifles, gaining the dec- 
oration of the Victoria medal. Two sons are 
practising physicians, and the two daughters are 
married. Our home at Wellesley was sold some 
years ago; a public library has been erected upon 
the site of our cottage, and the grounds are a 
public park. 

It has been a great pleasure to me to know 
that within the last two years my husband’s name 
has been enrolled upon the base of the dome in 
the new chamber of the House of Representatives 
in the State House in Boston, among the selected 
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fifty-three of Massachusetts’s most distinguished 
citizens. “The names have been selected in such 
a way that each shall either mark an epoch, or 
designate a man who has turned the course of 
events.” In the outside walls of the new Public 


Surgery 
October 1961 


Library in Boston are thirty arches filled with 
memorial tablets, inscribed with about five hun- 
dred names of writers, artists, and scientists. In 
this “roll of honor’ also is inscribed my husband’s 
name. 
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